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After Asia, Africa is the world’s second-largest and second-most-densely populated 
continent. With a billion people (as of 2009) in 54 sovereign countries, most of which 
still have borders drawn during the era of European colonialism, it accounts for about 
14.7% of the world’s human population. Africa is comprised of desert and (semi-)arid 
regions, humid savanna grasslands, dense jungles (rain forest), and steppe landscapes. 
Africa is also known for its many magnificent national parks, and many come to Africa 
to catch a glimpse of the amazing wild animals, reptiles, insects, and birds in their 
native environment. 
The people of Africa show a great diversity and there are many different native 
groups. Many of these tribal groups have their own languages; more than 2000 
languages are spoken on the African continent. Africa’s population has rapidly 
increased in the last 40 years and, consequently, it is relatively young. In some African 
states half or more of the population is under 20 years of age. Two-thirds of Africa’s 
population live and work in rural areas, and most of the communities depend on 
agriculture as a means of sustaining life.1 
Although full of natural resources, Africa remains the world poorest and most 
underdeveloped continent. There are a variety of causes that drive and maintain 
poverty: the spread of deadly diseases and viruses, natural disasters (drought as well 
as intense rains), rapid population growth, high levels of inequality (differences 
between rural and urban regions), corrupt governments with failed central planning, 
lack of access to foreign capital, and frequent tribal and military conflicts.2,3 A recent 
United Nations report that identifies the poorest countries worldwide has stated that 
the poorest 25 nations in the world are all in Africa.1 Nevertheless, over the past 
decade, six of the world’s fastest-growing economies were African countries.1,4 Also, 
some progress is being made in reducing political instability, moving Africa into a 
promising investment destination. 
Background 
Non-communicable diseases in sub-Saharan Africa 
As low- and middle-income countries (LMICs) are beginning to make advances in 
combatting infectious diseases like malaria, tuberculosis, and Human 
Immunodeficiency Virus/Acquired Immune Deficiency Syndrome (HIV/AIDS) and 
malnutrition, they are becoming increasingly vulnerable to the impact of non-
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communicable diseases (NCDs).(5) The burden of NCDs, such as cardiovascular 
disease, cancer, chronic lung disease and diabetes is expanding in LMICs, contributing 
to poverty and thus increasing inequalities. NCDs are becoming a major barrier to 
economic development and achievement of the Millennium Development Goals.6  
Until recently NCDs have been neglected by development agencies, foundations, and 
global health organisations.5,7 Of the 57 million deaths that occurred globally in 2008, 
36 million, i.e. almost two-thirds, were due to NCDs; of all deaths from NCDs, 80% 
took place in LMICs.8 In September 2011, at the United Nations high-level meeting on 
NCDs, the world’s leaders recognised the increasing human, social, and economic 
threat caused by NCDs and committed to tackling this emerging global epidemic.9,10 
The need was urgent, given that the combined burden of NCDs was increasing fastest 
among most LMICs.5,8  
Sub-Saharan Africa, a geographic term to describe countries which are fully or 
partially located south of the Saharan desert, represents a relatively comparable group 
of LMICs with similar health problems. Sub-Saharan Africa has a very high prevalence 
of communicable diseases, such as the three pandemics of tuberculosis, AIDS/HIV and 
malaria, as well as infections in young children, causing more deaths from 
communicable diseases than NCDs.11 It is estimated, however, that the NCDs will 
overtake communicable diseases as the leading cause of death in sub-Saharan Africa 
by 2030.12 There are economic, environmental, and cultural barriers including poverty, 
poor education, illiteracy, lack of sanitation, and poor infrastructure, that contribute to 
the increase of NCDs.13  
Not only does this region have the highest burden of disease, but it also has the 
weakest health systems, including poor public health leadership and management, 
lack of qualified personnel, and lack of resources for the diagnosis of NCDs.13,14 In 
almost all the countries of sub-Saharan Africa the governments’ health expenditure 
are insufficient or are often cut down by corruption.15 The poorest people in resource-
poor settings have the highest risk of developing chronic diseases and are the least 
able to cope with these conditions.5,7,16  
Chronic respiratory diseases 
Chronic respiratory diseases (CRDs) i.e. chronic diseases of the airways and other 
structures of the lungs, represent a broad group of serious diseases. CRDs include 
asthma and respiratory allergy, chronic obstructive pulmonary disease (COPD), 
allergic rhinitis, sleep apnea syndrome, occupational lung diseases and pulmonary 
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 hypertension. Throughout the world, hundreds of millions of people of all ages are 
affected by preventable CRDs, and more than 50% of them live in LMICs or deprived 
populations.17 The prevalence of preventable CRDs is increasing everywhere and, in 
particular, among children and elderly people.17 Three hundred million have asthma, 
210 million have COPD, and 600 million suffer from allergic rhinitis; millions of others 
have other chronic respiratory diseases.18 In 2005, 250,000 people died of asthma, and 
3 million died of COPD; 90% of all COPD deaths were in LMICs.19 In 2008, COPD was 
the fourth leading cause of death worldwide, and by 2030 it is predicted to become the 
third and surpass AIDS/HIV.20  
Data on CRDs and related risk factors are scarce in most LMICs, especially in sub-
Saharan Africa.21 In many countries of sub-Saharan Africa, programs for the 
management of respiratory diseases are poorly developed or limited, and the quality 
of care offered is often of a low standard. Asthma and COPD guidelines are rarely (and 
sometimes not at all) implemented in most sub-Saharan Africa countries, except for 
South Africa which can be classified in the middle-income country group.22 CRDs pose 
a serious public health threat in sub-Saharan Africa, particularly among the poor and 
deprived population.18,23   
Chronic obstructive pulmonary disease 
The Global Initiative for chronic Obstructive Lung Disease (GOLD) guidelines of 2010 
has a working definition of Chronic Obstructive Pulmonary Disease (COPD) as “a 
preventable and treatable disease with some significant extra-pulmonary effects that may 
contribute to the severity in individual patients. Its pulmonary component is characterised by 
airflow limitation that is not fully reversible. The airflow limitation is usually progressive and 
associated with an abnormal inflammatory response of the lungs to noxious particles or 
gases”.24  
Worldwide, tobacco smoking is recognised as the most important risk factor for 
COPD. There is growing evidence, however, that the development of COPD occurs 
among non-smokers as well, especially younger persons and individuals living in 
LMICs.25-27 Other relevant risk factors suggesting a possible influence in the 
development of COPD are exposure to indoor and outdoor air pollution, occupational 
exposures, history of acute lower tract infections among young children, previous 
tuberculosis, poor lung growth and development, malnutrition, chronic asthma, and 
genetic predisposition.24 In many LMICs, household air pollution is starting to appear 
as one of the most important risk factors for the development of COPD.17,27 
Unfortunately, in the last decade, most of the international health authorities still did 
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not consider household air pollution to be a serious global public health concern.28,29 
COPD seems to be a neglected disease in LMICs. 
Biomass fuel use 
Globally, almost 3 billion people (nearly half of humanity) rely on the use of biomass 
fuels and coal as their primary source of household energy for cooking, heating and 
other domestic needs. Biomass fuels account for more than 50% of household energy 
in many LMICs, and up to 95% in some lower income countries, particularly for the 
rural population in sub-Saharan Africa.30,31  
Biomass or solid fuels are organic materials such as wood, crop residues, dung and 
charcoal. These solid fuels are often burned in open fires or poorly functioning stoves 
with inefficient combustion, causing high levels of air pollution in the absence of any 
ventilation.30,32 Indoor air pollution associated with biomass fuel use is increasingly 
recognised as a major health concern in the developing world, and one of the leading 
causes of respiratory diseases such as COPD and respiratory infections among 
children under the age of five years, as well as contributing to non-respiratory 
pathology.(13,33)13,33 Biomass fuel use is responsible for an estimated 36% of 
 
Figure 1: The energy ladder, adapted from the World Health Organization.34 
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 mortality from respiratory diseases.12 In 2005, about 2 million deaths were attributed 
to the household air pollution from cooking with solid fuels. Almost 50% of premature 
deaths among children under five years were due to acute lower respiratory infections 
caused by biomass smoke.12 As early as 1997, biomass smoke was already mentioned 
as the ‘silent killer’ in LMICs.35 Therefore, in sub-Saharan Africa, more research is 
needed to understand the burden of COPD in relation to tobacco smoking as well as 
biomass fuel use. 
  
Planning a survey in a sub-Saharan country 
A survey in sub-Saharan Africa 
When planning and conducting a survey in sub-Saharan Africa, researchers have the 
need and duty to respect the importance of national and local cultures and social 
systems, as well as their values and beliefs. Increased consciousness of ethical concerns 
with the research design and informed consent among researchers working in 
resource-poor settings is vital.36,37 The research must contribute directly to the 
strengthening of knowledge about chronic diseases and provide the foundation for the 
development of new management tools for the local healthcare infrastructure.36 
Wherever possible, participants should be offered a universal standard of care or, 
when it is not possible, be offered the best treatment available from the national public 
health system, once the disease has been diagnosed.36 In addition, the possibility of 
introducing and maintaining the best available intervention promoting actions for 
healthy lungs in the wider community should be ensured. 
Poverty, coupled with limited scientific, administrative and political development 
often makes it very problematic for LMICs in sub-Saharan Africa to improve 
healthcare. These countries urgently need research related to healthcare that addresses 
their burden of disease. Therefore, quantitative and qualitative surveys are needed to 
provide key policymakers with convincing evidence about the prevalence of COPD 
and the possibility of controlling COPD with its risk factors, and persuading them to 
set in motion health system changes to do so. Improved access and standardised 
management should be advocated by all those interested in public health.  
Following the FRESH AIR study in Vietnam, a demonstration project under the 
auspices of the International Primary Care Respiratory Group (IPCRG) and World 
Health Organization-Global Alliance against Respiratory Diseases (WHO-GARD), we 
started a survey in 2011 in north-west Uganda, one of the low-income countries in 
Africa: FRESH AIR Uganda. 
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Situation in Uganda 
In 2010, Uganda’s population was estimated at 33 million with a population growth of 
3.4% and a total fertility rate (births per woman) of about 6.7 children.38 Life expectancy 
in 2010 was 49 years (males 48 years and females 51 years). In 2006, the proportion of 
the population living below the poverty line (< $1 a day) was 31%.1 Northern Uganda, 
afflicted by conflicts over the past 20 years, remained the poorest with 61% living 
below the poverty line.38 Approximately 84% of the population of Uganda lived in 
rural areas.1,38 Only 15% of the population, mainly living in urban areas, had access to 
electricity.39 In total, 86% of the national population used wood for cooking and 13% 
charcoal. Only 5% of the population relying on biomass fuels for domestic cooking, 
used improved stoves.38 
Although 72% of the households in Uganda live within 5 km of a health facility (public 
or private), utilisation is limited due to poor infrastructure, lack of medicines and other 
health supplies, and the shortage of human resources in the public sector. The lack of 
a thorough social security system makes the poor more vulnerable with regard to 
affordability and choice of healthcare provider.  
CRDs, unfortunately, received insufficient attention in Uganda. The Health Sector 
Strategic Plan III 2010-2015 from the Ministry of Health in Uganda, published in 2010, 
did not even mention asthma or COPD.40 Prevalence data on COPD were not available: 
COPD was a completely ignored disease in Uganda. 
Situation in Masindi district 
The rural district of Masindi, situated in north-west Uganda, is populated by 
approximately 350,000 people and is one of the poorest districts of the country.37 The 
district of Masindi has 27 healthcare centres: 1 hospital, 1 health centre (HC) IV (with 
two medical officers and an operating theatre), 7 HCs III (managed by health officers), 
and 18 HCs II (managed by nurses or nursing assistants). There are no physical 
structures for HC I, but there are village health teams instead, offering health 
education on maternal and child health issues, malaria, pneumonia, and diarrhoea. 
The District Health Officer (DHO) is the head of health services and activities in the 
district. HC IV is supposed to supervise and facilitate HCs III, which in turn have to 
facilitate HCs II.  This system of supervision of the higher health centres to the lower 
causes problems: often, the supervision is inadequate due to limited resources, both 
financial and human. The lower health centres have to refer cases they cannot treat to 
a better equipped and staffed health centre or the hospital, which sometimes is too far 
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for the people involved.  
There was no specific plan or intervention for respiratory diseases, except for 
tuberculosis, despite the fact that coughing and cold (not pneumonia) ranked second 
(n=59,481; 28.8%) in the top-10 morbidity cases in 2010, seen at the health centres in the 
district of Masindi (data from the DHO). Thus, the people just go home and live with 
their illness. 
Outline of this thesis 
It is clear that in sub-Saharan Africa, preventable CRDs and their risk factors receive 
hardly any attention. This applies to healthcare professionals, government officials, 
and the communities as well as the media.13 The main aim of this thesis is to evaluate 
the burden of COPD in a low-income country of sub-Saharan Africa. Accurate data on 
the prevalence of COPD and related risk factors are scarce (or not available) for most 
LMICs in sub-Saharan Africa.23 Information on many aspects is needed to evaluate 
the risk of COPD associated with exposure to biomass fuel use, tobacco smoke, and 
other less traditional risk factors such as occupational exposures, agricultural smoke, 
use of kerosene lamps and outdoor air pollution.  
The main questions of FRESH AIR Uganda were: 
1. What is known about the prevalence of two specific CRDs, i.e. asthma and
COPD, in sub-Saharan Africa?
2. What are the beliefs and attitudes concerning CRDs in resource-poor settings
of a rural area of Uganda?
3. What is the prevalence and burden of COPD in resource-poor settings of a rural
area of Uganda?
Chapter 2 presents a review of the published data on the impact of asthma and COPD 
and the risk factors, such as indoor air pollution and tobacco smoking, in sub-Saharan 
populations. 
Chapter 3 reports the results of a qualitative survey based on focus group discussions 
involving men, women and community leaders, as well as key healthcare workers, 
that assesses beliefs and attitudes related to respiratory health, traditional ways of 
cooking, tobacco smoking, and the use of health services in a rural district of Uganda.  
Chapter 4 describes the results from the cross-sectional observational study on the 
prevalence of COPD and associated risk factors in a rural district of Uganda.  
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Chapter 5 focuses on the impact of socioeconomic factors and gender differences on 
the prevalence of COPD in a rural district of Uganda.  
Chapter 6 summarises and discusses the results of the surveys. Following a general 
discussion, recommendations are made for further research and guidelines are 
presented that aim to prevent the development of COPD in low and middle-income 
countries.   
Chapter 7 presents a summary of this thesis. 
Chapter 8 is a summary of this thesis in Dutch. 
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Many countries in sub-Saharan Africa have the highest risk of developing chronic 
diseases, and are the least able to cope with them.  
Aim 
We assessed the current knowledge on prevalence and impact of asthma and chronic 
obstructive pulmonary disease (COPD) in sub-Saharan Africa. 
Method 
A literature search was conducted using Medline (1995-2010) and Google Scholar. 
Results 
Eleven studies of the prevalence of asthma in sub-Saharan Africa were identified, all 
which showed a consistent increase, particularly in urban regions. The data on asthma 
show a wide variation (5.7% up to 20.3%), with the highest prevalence in ‘westernised’ 
urban areas. Only two studies on the prevalence of COPD in sub-Saharan Africa have 
been performed. Nevertheless, COPD has become an increasing health problem in 
sub-Saharan Africa due to tobacco smoking and exposure to biomass fuels. In most 
countries of sub-Saharan Africa, 90% of the rural households depend on biomass fuel 
use for cooking and heating, affecting young children (acute lower respiratory 
infections) and women (COPD). This is the cause of significant mortality and 
morbidity in the region. 
Conclusion 
Asthma and COPD in sub-Saharan Africa are under-recognised, under-diagnosed, 
under-treated and insufficiently prevented. A major priority is to increase awareness 
of asthma and COPD, and their risk factors, particularly the damage caused by 
biomass fuel use. Surveys are needed to provide local healthcare workers the 
possibility of controlling asthma and COPD. 
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Introduction   
Throughout the world, hundreds of millions of people of all ages are affected by 
chronic respiratory diseases (CRD). The majority live in low or middle-income 
countries or deprived populations.1 The prevalence of CRD is increasing in all parts of 
the globe, especially in children and older people. Three hundred million people have 
asthma, 210 million people have chronic obstructive pulmonary disease (COPD) and 
600 million suffer from allergic rhinitis; millions of others have other CRD.2  In 2005, 
there were 250,000 deaths from asthma and more than three million from COPD. 
Ninety percent of all COPD deaths were in low and middle-income countries.3 
Globally, COPD is now the fourth leading cause of death, and by 2030 it is predicted 
to become the third and will surpass AIDS/HIV in Africa.4   
In developing countries, CRD and their risk factors, such as smoking, air pollution, 
allergen exposure, occupational exposure, severe childhood respiratory infections, 
and tuberculosis, receive insufficient attention from the health-care community, 
government officials, patients and their families as well as the media.1,5,6 The standards 
of healthcare for chronic disease management are inadequate in many countries in the 
developing world where such diseases are prevalent. Health systems are hampered by 
their inability to differentiate infectious from chronic diseases.7,8 Diagnostic tests like 
hand-held spirometry or even peak flow measurements are only scarcely available. 
Inhaled medication is included in the World Health Organization’s Model List of 
Essential Medicines, but is often limited and/or not affordable, particularly in rural 
areas.9,10 Treatment for conditions such as asthma and COPD is focused on ad-hoc 
treatment of acute exacerbations instead of disease management including lifestyle 
factors and prevention of exacerbations.11 Data on CRDs and related risk factors are 
scarce or not available for most developing countries, and only few data on morbidity 
and economic burden exist, particularly in sub-Saharan Africa.12  Information on 
causes of death among adults in sub-Saharan Africa is essentially non-existent because 
death certificates are often not issued.8 
The depths of Africa 
The continent of Africa has a huge range of climates, flora and fauna, and represents 
the greatest diversity among its people with more than 2000 languages and cultures. 
However, the health problems in developing countries in sub-Saharan Africa sadly 
seem all too similar. The prevalence of tuberculosis, malaria, HIV/AIDS, and severe 
infections in young children is very high.13 These diseases interact to cause an epidemic 
of CRD.14 Not only does this region have the highest burden of disease, it also has the 
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weakest health systems and workforces, as well as the lowest per capita income. The 
poorest people have the highest risk of developing chronic diseases, and they are the 
least able to cope with them.15 Furthermore, many communities in sub-Saharan Africa 
have to address other urgent priorities solely to survive, including poor nutrition and 
housing, often provoked by natural disasters or ethnic conflicts.16  
The aim of this paper was to assess the prevalence, impact and risk factors of two 
specific CRD - asthma and COPD - in sub-Saharan Africa. 
 
Methods 
Using Medline (1995-2010) and Google Scholar, we conducted a literature search in the 
following terms: Africa, and each country of sub-Saharan Africa specifically, asthma, 
COPD, biomass fuel, indoor air pollution, risk factors, epidemiology and prevalence, 
using “AND” and “OR” as combining terms for exposure and outcome. The retrieved 
abstracts were manually sorted, removing irrelevant and duplicated papers. 
References in each of the identified papers were screened for any article that was not 
identified in the original search.  
 
Results 
A total of 445 articles were obtained from the searches, and 119 papers (researches, 
editorials, reviews, original articles, seminars and reports) relating to asthma and 
COPD in sub-Saharan Africa were eventually identified: 32 on asthma, 18 on COPD, 
59 on indoor air pollution and 10 on primary health-care, with some overlap. 
The prevalence of asthma     
The few time trend studies of the prevalence of asthma and other allergic disorders 
(e.g. International Study of Asthma and Allergies in Childhood (ISAAC) study) 
showed a consistent increase, particularly in urban areas of middle-income countries 
in sub-Saharan Africa.8,17-20 Figure 1 shows a world map of the prevalence of clinician-
diagnosed asthma based on the European Community Respiratory Health Survey 
(ECRHS) and ISAAC study.  
In the poorer countries, it appears that asthma is less common in rural areas than in 
urban areas.17 Eleven surveys of the prevalence of asthma in sub-Saharan Africa were 




Figure 1: World map of the prevalence of clinician-diagnosed asthma, based on the 




People living in rural grasslands rarely, if ever, suffer from allergic diseases and most 
of the local languages do not even have words to describe these conditions.17,31 The 
prevalence of asthma varies widely between countries: Ethiopia 9.1%, Kenya 15.8%, 
Nigeria 13.0%, Mozambique 13.3% and South Africa 20.3%.24,32 Asthma appears to be 
more severe in sub-Saharan Africa than affluent countries, although the latter have the 
highest symptom prevalence.32,33 In countries where several centres are involved in 
surveys, the prevalence of asthma is generally highest in urban areas. In urban areas 
which have become increasingly  “westernised”, the prevalence is higher, and is 
similar to European countries.24 Owing to the projected increase in the urban 
population in sub-Saharan Africa, it is estimated that there may be an increase of at 
least 35% of people with asthma in 2025.21 In developed countries children under the 
age of 15 years represent approximately 20% of the population, whereas in sub-
Saharan Africa these children form approximately half of the population.19 It must be 
emphasised that most surveys on the prevalence of asthma in sub-Saharan Africa were 
conducted among school children aged 6-7 years and 13-14 years; only three surveys 
were conducted among adults (Table 1).           
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Table 1: surveys on the prevalence of asthma in sub-Saharan Africa 
study and country measurement   magnitude 
Calvert et al 22  cross-sectional survey comparing ascaris infection associated with increase EIB OR 1.62 
2010, South Africa  1651 urban and 1671 rural   (95% CI 1.23-2.11) and decrease positive SPT, 
   children 8-12 years on EIB  OR 0.63 (95% CI 0.42-0.94) 
Desalu et al 23  asthma among adults (n=810)  prevalence asthma 15.2%, male:female ratio 2:1; current 
2009, Nigeria  using ECRHS questionnaire  asthma 12.7% and physician-diagnosed asthma 2.0% 
   in city of Ilorin     
Addo-Yobo et al 17  comparing atopy and EIB with  EIB doubled among UR,UP,and R from 4.2% to 1.4% and 
2007, Ghana  urban rich(UR),urban poor(UP), 2,2% to 8.3%, 3.0% and 3.9%; sensitization doubled from 
   rural(R) in 9-16 y children in 1993 10.6%, 4.7% and  4.4% to 20.2%, 10.3% and 9.9%                                                       
                                     (n=1095) and in 2003 (n=1848)   
Zar et al 20  video and written questionnaire WQ wheeze 16-20.3%, EIB 21.5-32.5%, nocturnal cough 
2007, South Africa  comparing 5178 children in 1995 23.6-36.6%; VQ wheeze 6.5-11.2%, EIB 11.5-13.9%, 
ISAAC I and ISAAC III and 5037 in 2002, aged 13-14 y EIB 11.5-13.9%, nocturnal cough 11.6-19.2% 
Aït-Khaled et al 24  video and written questionnaires high asthma symptoms prevalence: Cape Town 
2007, ISAAC III  in 16 countries in Africa (and 22 20.3%, Reunion Island 21.5%, Brazzaville 19.9% 
   centres) on prevalence symptoms Nairobi 18.0%, urban Ivory Coast 19.3%;  
   asthma 13-14 y children  low prevalence asthma symptoms: Yaounde 5.7%, 
       Kinshasa 7.5%, Addis Ababa 9.1% 
Mavale-Manuel 25  video and written questionnaires prevalence asthma 13.3% in both groups; in 6-7 y 
2007, Mozambique  prevalence asthma from 6-7 y  EIB, nocturnal cough and ever asthma: 11.4, 27.5 and  
ISAAC   children and 13-14 y students  25.6%, most in suburban areas; in 13-14 y 28.3, 
       43.5 and 26.4%, most in suburban areas 
Mavale-Manuel 26  video and written questionnaire prevalence current asthma VQ 11.9% and WQ 
2006, Mozambique  (VQ and WQ) comparing 13-14 y 13.3%; EIB 21.0% (all areas); urban-suburban- 
ISAAC   children (n=1614) in urban, sub- rural: nocturnal cough  22.7, 27.1, 14.1%; severe  
   urban and rural areas  asthma 9.1, 12.3, 11.4% 
Erhabor et al 27  written questionnaire among 903 prevalence wheeze 9.0%, nocturnal cough 9.4%, chest 
2006, Nigeria  students (15-35 y) on prevalence tightness morning 8.0%; probable asthma 14.1%,  
   symptoms of asthma  suspected asthma 4.1%, previously diagnosed 32.5% 
Erlich et al 28  questionnaire about wheeze and wheeze reported 14.4% men and 17.6% women; asthma 
2005, South Africa  asthma diagnosis among adults diagnosis 3.7% men and 3.8% women; history TB 
   (5671 men and 8155 women)  independent factor of wheeze (OR 3.4) and asthma 
        (OR 1.9) 
Dayoye at al 29  cross-sectional survey (n=7155) prevalence wheeze 3.4%, lower in rural area with OR 0.47 
2004, Ethiopia  among children 1-5 y; 60% live risk factor urban area: kerosene, tobacco, long time 
   in urban areas   breastfeeding; protective in urban area: living with 
       animals; risk factors rural area: positive SPT and 
       living with animals 
Hailu et al 30  written questionnaire about  atopic disorder 36%, wheeze 16.2% rhino- 
2003, Ethiopia  prevalence asthma in 3365  conjunctivitis 14.5%, eczema 10.9%; 
   children 13-14 y   prevalence diagnosed atopic disease 8.6% 
EIB= exercised-induced bronchospasm; SPT=skin prick test; ISAAC=International Study of Asthma and Allergies in 
Childhood; ECRHS=European Community Respiratory Health Survey 
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The wide variation in the prevalence of asthma is partly explained by poverty, climate, 
exposure to tobacco smoke, viral infection, air pollution, chemical irritants, helminth 
infections, diet, and well-known allergens such as house dust mite, cockroach, dog and 
cat dander, and even washing soap.22,31,34 Sensitisation to pet allergy, which was 
uncommon a decade ago, is becoming consistently more frequent  in urban areas.17 A 
high prevalence of asthma is also seen in countries with very high prevalence of 
HIV/AIDS and tuberculosis.24,35  
Relevance of helminth infections and gross national income  
Helminth infections, which are pandemic in sub-Saharan Africa, are associated with 
an increased risk of bronchial hyperresponsiveness and a decreased risk of a positive 
skin prick test response.22 Skin prick testing is a useful way of establishing the allergens 
to which a person is sensitive, but is complicated by the high prevalence of helminth 
infections which do not only share the common trait of elevated IgE with allergic 
disease but also general Th2 immune response. The relationship between skin prick 
test positivity and allergic symptoms is therefore weak, particularly in countries with 
a low gross national income.22,24,36 Thus, the epidemiological data show the relevance 
of the risk factors in different areas and the role of protective factors. 
The prevalence of COPD 
Until recently, most of the information available on COPD prevalence came from high-
income countries. Two prevalence studies have been carried out in Africa - both in 
South Africa - and only the BOLD study used postbronchodilator spirometry values: 
COPD defined by airflow limitation alone (GOLD stage 2 or higher) was reported in 
22.2% of men and 16.7% of women, aged ǃ 40 years.37,38 These prevalence data were by 
far the highest country rates reported within the global BOLD study, and were thought 
to be due to high levels of prior tuberculosis and occupational exposures and smoking 
habits.37,39 In other surveys, no bronchodilator was administered or spirometry was not 
available at all, so the diagnosis was made using symptoms such as shortness of breath, 
cough, and sputum production for more than three months over the previous two 
years.12 
Only ten out of the 53 countries in Africa have published data on COPD prevalence 
(e.g. selected populations such as factory workers and miners).40-42 COPD is not often 
recognised, as respiratory symptoms are frequently attributed to smoking, to 
respiratory infections such as tuberculosis, or to ageing. Furthermore, the term COPD 
is unfamiliar to the public and even physicians in many parts of sub-Saharan Africa.43  
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In addition, national guidelines for the diagnosis, management and prevention of 
COPD are rare in sub-Saharan Africa.10,11,13  
Contributory factors in the development of COPD 
Tobacco smoking has traditionally been the main factor responsible for the 
development of COPD, particularly in high and middle-income countries. In low and 
middle-income countries the smoking rate is increasing as economies develop, but is 
still linked to poverty and poor education.1,43 Exposure to indoor air pollution - caused 
by biomass fuel use for cooking and heating - substantially increases the burden of 
COPD in addition to tobacco smoking, particularly in rural areas in sub-Saharan 
Africa.10,39,44,45 Biomass smoke has been shown to be an independent risk factor for 
obstructive airways disease, and earlier and longer time of exposure has been shown 
to increase the risk for the development of COPD.43,46-50  The risk of developing COPD 
attributable to biomass smoke exposure is similar to the risk due to tobacco smoking.51 
Figure 2 shows the worldwide use of biomass fuel for cooking, produced by the World 
Health Organization.52 Occupational exposure and tuberculosis are also emerging as 
important risk factors in countries with high COPD burden.39,53 Other contributory risk 
factors include outdoor pollution, allergy and bronchial hyperresponsiveness, 
prematurity, low birth weight and certain childhood respiratory infections.43 Lower 
socioeconomic status increases the risk of developing COPD, although which 
                                 
component factors (e.g., poor housing, poor nutrition, low income, poor education) are 
the most important in influencing the development of COPD - and to what extent - is 
Figure 2: Worldwide biomass fuel use for cooking, reproduced with kind 
permission from World Health Organization52 
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unclear.47 International health authorities have only recognised the rising morbidity 
and mortality of COPD in the last decade.10,43,54 The mortality due to COPD is projected 
to increase by more than 30% in the next 10 years, particularly in these developing 
countries.43 Exposure to biomass smoke is the biggest risk factor for COPD globally in 
sub-Saharan Africa, and possibly globally.51 Surveys on indoor air pollution in sub-
Saharan Africa are shown in Table 2.55-62 
Table 2: surveys on indoor air pollution in sub-Saharan Africa 
study and country  measurement   magnitude 
Fullerton et al 55  PM level in 31 rural homes PM mean level 226 μg/m³; PMƀɄƃȱlevel > 250 μg/m³ 
2009, Malawi (mostly wood) and 31 urban  > 1 hour per day in 52% of rural homes and 17% of 
homes (mostly charcoal)  urban homes 
Kumie et al 56 ƀȱȱȱřřŖŖȱȱ ȱƀȱȱşŝȱΐȦŷǰȱȱȱȱȱȱ 
2009, Ethiopia  biomass fuel (wood, dung) during wet season, wet biomass fuel, and poor
       ventilation 
Dionisio et al 57  PM and CO level in 13 households PMƀɄƃȱmean level 361 μg/m³ with peak levels in 
2008, the Gambia  using biomass fuel (wood, dung) cooking periods (PMƀɄƃ> 6000); mean CO level 3.8 
Kilabuko et al 58  ſžǰȱƀȱȱȱȱȱǰ ſžȱȱ ȱŜśŜȱΐȦŷȱ ȱ¡ǯȱŘśŜśȱΐȦŷǲ 
2007, Tanzania  living room and outdoors in 100 Ɲȱȱȱȱȱſžȱȱȱ 
   homes using wood as fuel  in kitchen which varied from 3200 to 10.000 μg/m³ 
Rumchev et al 59  respiratory symptoms among prevalence respiratory symptoms 94% for women  
2007, Zimbabwe  women and children in 48 house- and 77% for children; most common for women: 
   holds using wood for cooking cough 79%, chest cold 70% and phlegm 51%; most 
       common among children: chest congestion 52%,
       dry cough 47% and running nose 40%  
Mishra et al 60  association biomass fuel use and children living in homes using wood, dung or     
2003, Zimbabwe  acute respiratory infection  straw had more than twice chance of acute   
   prevalence in 3359 children < 5 y respiratory infections compared to homes using
       LPG or electricity (OR 2.20, 95% CI 1.16-4.19) 
Ezzati et al 61  risk of acute respiratory infection risk of acute respiratory infection increases with              
2001, Kenya  ȱȱ ȱſžȱȱśś  ſž exposure, but rate of increase falls at exposure
   households using biomass fuel > 2000 μg/m³; rate of increase of exposure-response
       is highest for exposure below 1000-2000 μg/m³ 
Ezzati et al 62  comparison emission and   improved wood-burning stoves reduced PM by 
2000, 2000, Kenya exposure from traditional and 48% during cooking and 77% during smouldering
   improved cook stoves in 38  fase; greatest reduction achieved by transition
                 homes in rural areas  from wood to charcoal  
PM: particulate matter; CO: carbon monoxide; NO2: nitrogen dioxide; LPG: liquefied petroleum gas; OR: odds ratio 
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Consequences of indoor air pollution 
Approximately three billion people, and up to 90% of rural households in developing 
countries, such as many regions in sub-Saharan Africa, still rely on unprocessed 
biomass fuels for cooking and heating.63  Biomass fuel consists of any material derived 
from plants or animals which is deliberately burnt by humans. Wood is the most 
common example, but animal dung, crop residues, and grass are also used. Typically 
burnt indoors in open fires or poorly functioning stoves with inefficient combustion, 
these fuels cause extremely high levels of air pollution in the presence of poor 
ventilation. Women and their young children suffer most.3,43,64,65 Exposure to 
particulate matter, especially to particles with a diameter of ǂȱ 2.5 μm carries high 
risks.66,67 The damaging effect is determined by the concentration of pollutants in the 
indoor environment and by the duration of exposure, commonly 3 to 7 hours daily 
over many years and often lifelong.48,68 Other toxic pollutants due to biomass fuel are 
carbon monoxide, nitrogen oxide, and a variety of carcinogens, polycyclic aromatic 
hydrocarbons and other toxins, which closely follow tobacco smoke toxins, except for 
nicotine.46 Biomass fuel is often the main source of outdoor pollution in rural areas and 
in some urban areas.69  Recent  time series studies have shown an increase in mortality 
related to short-term air pollution, and limited prospective cohort studies have also 
found increased mortality due to long-term exposure to low-level air pollution.70,71 The 
strongest association of respiratory diseases with biomass fuel use are for sub-Saharan 
Africa acute respiratory infections in young children (5< years of age) and COPD, 
particularly in women.49,69,72-77 Exposure to biomass smoke may act as an asthma trigger 
but, in addition, exposure has been associated with an increased prevalence of 
asthma.46,60 The greatest burden of ill health related to the use of biomass fuel use is 




In sub-Saharan Africa, data on impact and prevalence of asthma and COPD are 
limited. These diseases and their risk factors have not been seen as major health 
problems. Asthma and COPD are under-recognised, under-diagnosed, under-treated 
and insufficiently prevented.8,11  Unfortunately, the knowledge of asthma and COPD 






Asthma and its risk factors  
Urbanisation and asthma 
The available data suggest that asthma prevalence in sub-Saharan Africa, certainly 
among children, is continuing to increase.81 Asthma has consistently shown lower 
levels in villages and increasing prevalence with urbanisation. Therefore, the question 
is what other changes associated with urbanization could contribute to the increase of 
asthma. The degree of urbanisation is one factor that increases with higher gross 
national income.82 Urbanisation leads to differences in nutrition and lifestyle, 
including physical activity and housing, as well as changes in infections.34,83 The 
spectrum of pathogens may also be different with conflicting evidence on helminth, 
IgE and atopy.31  
Limitation of diagnostic tests                                                                                                                                
There is no definitive diagnostic test and due to cultural and linguistic differences it is 
often difficult to adopt an universally accepted asthma definition and accurately 
compare the findings between regions.21,81  In epidemiological studies, asthma has 
commonly been defined by (a) the self-reporting of asthma or asthma-like symptoms 
(written and video questionnaires) and (b) existence of bronchial 
hyperresponsiveness, mainly assessed in sub-Saharan Africa by exercise-induced 
bronchospasm (EIB).26 Although EIB is suggestive of asthma, these conditions are not 
equivalent, and asthma can be present in the absence of EIB, and vice versa.17,22,83,84 
Furthermore, the values of EIB may be limited by environmental factors (e.g., 
temperature, humidity, air pollution).17,22,85  
COPD and its risk factors  
COPD is one of the chronic diseases that will continue to become more frequent with 
the aging of the population.1,53 The high COPD prevalence, particularly among non-
smoking women, which indicates that the COPD burden in sub-Saharan Africa may 
be largely due to indoor air pollution.45,86 Tobacco smoking is an important risk factor 
worldwide, but exposure to indoor biomass fuel may be even greater and the effects 
are additive.51 
Proposals 
Many people are still unaware of the damage to respiratory health caused by indoor 
pollutants, which disproportionally affect women and children and is the cause of 
significant morbidity and mortality in sub-Saharan Africa.72 The major priorities are to 
(i) increase awareness in physicians and healthcare workers, (ii) increase research 
efforts into practical ways to reduce the damage caused by indoor air pollution, (iii) 
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assess the methods of diagnosing and differentiating CRD appropriate to the resources 
available, and (iv) assess the most cost effective treatments for asthma and COPD.             
Intervention programs reducing impact of indoor air pollution 
Four intervention categories have been identified for their potential to reduce the 
impact of indoor air pollution: cleaner burning fuels, improved cooking stoves, 
housing design, and behavioral change.87,88  An improved biomass stove is the most 
cost-effective intervention for sub-Saharan Africa, particularly in regions where the 
majority of the population continues to cook with biomass fuels.55,72,89 Poverty will 
continue to force most households in rural areas to rely on biomass fuels, at least in 
the next two to three decades.76 An improved biomass stove - when adequately 
designed, installed, maintained, and used - can potentially reduce indoor air 
pollution.90  Lower emissions may be more effectively achieved by modifying energy 
use behaviours such as fuel drying, use of pot lids to conserve heat, good maintenance 
of stoves and chimneys, keeping children away from smoke, and simple changes to 
ventilation of living and cooking areas.72,87 Unfortunately the adherence to intervention 
programs is very low. There are a range of general, country-specific, region-specific, 
and personal reasons why individuals may not adhere to a stove intervention 
program.69 This emphasises the importance of analyzing each social system in terms of 
decision-making process, an in-depth knowledge of cooking habits and tradition of 
the community in which the intervention is to be used. Education and cultural 
modification by a trusted person is therefore a necessary component of any 
intervention. Large scale dissemination of improved cooking stoves has great potential 
to improve quality of life and reverse the trends of mortality and morbidity caused by 
indoor air pollution.44,50,90,91 A shift from firewood to charcoal can further reduce indoor 
pollution and allows safe and cost effective use of biomass fuel.72,92 
Education in primary care 
Programs for educating healthcare professionals in the care and management of 
patients with CRD require strengthening in Africa, and public awareness should be 
increased.11,93 The diversity of healthcare systems and large variations in access to care 
indicate that nurses rather than doctors are the key to implementing the several 
approaches to managing the epidemic of chronic diseases to local needs.15,91,94 
Traditionally, nurses play an essential role in ensuring primary care coverage, 
especially in rural areas where there are few primary care doctors. In addition, local 
nurses understand the potential of traditional medicine, which has been 
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underestimated so far. In many countries of sub-Saharan Africa, alternative and 
complementary medicine are commonly used.1 
Management of respiratory diseases 
Improved access and standardized management of CRD should be advocated by all 
those interested in public health with as much force, enthusiasm and perseverance as 
dedicated to AIDS/HIV, malaria, and tuberculosis.13 This can be facilitated by the 
World Health Organization Global Alliance Against Respiratory Diseases (GARD), a 
voluntary alliance of organisations, institutes and agencies working towards a 
common vision to improve global lung health according to local needs. The Practical 
Approach to Lung Health (PAL), also initiated by the World Health Organization, is 
one of the strategies aimed at managing respiratory patients in primary health care 




From limited but improving data it is clear that the burden of CRD - particularly 
asthma and COPD - in sub-Saharan Africa is rising. The greatest prevalence is in the 
most deprived areas which have the least resources to address the problems. The 
inverse care law applies dramatically to CRD globally, and its rising impact cannot be 
addressed without redistribution of resources to places where they are most needed. 
Accurate data on the prevalence of asthma and COPD and their risk factors are needed, 
including the impact of asthma and COPD.  The risk of CRD associated with exposure 
to biomass fuel use and to define the dose-response relationship needs further 
evaluation to inform effective interventions. Qualitative and quantitative research will 
be essential to provide key policymakers with convincing evidence for the impact of 
CRD on local communities and the implementation of culturally appropriate 
interventions to control CRD and its risk factors.  
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Chronic obstructive pulmonary disease (COPD), once regarded as a disease of 
developed countries, is now recognised as a common disease in low- and middle-
income countries. No studies have been performed to examine how the community in 
resource-poor settings of a rural area in sub-Saharan Africa lives with chronic 
respiratory symptoms. 
Aims 
To explore beliefs and attitudes concerning health (particularly respiratory illnesses), 
use of biomass fuels, tobacco smoking, and the use of health services. 
Methods 
A qualitative study was undertaken in a rural area of Masindi district in Uganda, 
using focus group discussions with 10-15 members of the community in 10 randomly 
selected villages.  
Results 
Respiratory symptoms were common among men, women and children. In several 
communities respiratory symptoms were stigmatised and often associated with 
tuberculosis. Almost all the households used firewood for cooking, and the majority 
cooked indoors without any ventilation. The extent of exposure to tobacco and 
biomass fuel smoke was largely determined by their cultural tradition and gender, 
tribal origin and socioeconomic factors. Many people were unaware of the damage to 
respiratory health caused by these risk factors, notably the disproportionate effect of 
biomass smoke in women and children.  
Conclusion 
The knowledge of chronic respiratory diseases, particularly COPD, is poor in the rural 
community in sub-Saharan Africa. The lack of knowledge has created different beliefs 
and attitudes concerning respiratory symptoms. Few people are aware of the relation 
between smoke and respiratory health, leading to extensive exposure to mostly 
biomass-related smoke.  
Keywords 





In developing countries chronic obstructive pulmonary disease (COPD) is an 
increasing health problem, a fact recognised only a decade ago by international health 
authorities.1-3  At present COPD is the fourth leading cause of death, and by 2025 it is 
predicted to become the third by which time it will surpass HIV/AIDS in Africa.4  
Tobacco smoking has traditionally been considered the main risk factor responsible 
for the development of COPD. However, in the last decade a growing number of 
studies have suggested that other risk factors also have an important role in the 
development of COPD, such as asthma, air pollution, occupational exposures, 
socioeconomic status, (treated) tuberculosis (TB) and other population-attributable 
risk factors.5-8 Indoor air pollution, caused by biomass fuel use (wood, crop residues, 
twigs, dried dung and charcoal) has been shown to be a strong and independent risk 
factor for COPD.5,7,9,10 Over three billion people  - and 90% of the rural households in 
developing countries - rely on biomass fuel as their main source of domestic energy.11 
The majority of these solid fuels are burnt in poorly functioning cooking stoves or 
open fires with inefficient combustion and in the presence of poor ventilation, leading 
to extremely high levels of indoor pollution.9-12  
In sub-Saharan Africa the knowledge of COPD is very poor.13 Treatment for chronic 
respiratory diseases (CRDs) is often focused only on ad-hoc treatment of acute 
exacerbations and tuberculosis (TB). Diagnostic tests such as spirometry or even peak 
flow measurements are only rarely available. Inhaled medication is often limited 
and/or not affordable.14,15 Nevertheless, respiratory symptoms are among the major 
causes of consultation at healthcare centres.1,16,17 
To our knowledge no studies have been carried out to examine how the community 
in resource-poor settings of a rural area in sub-Saharan Africa lives with COPD. One 
of the low-income countries in sub-Saharan Africa is Uganda, which has a population 
of about 33 million people.18 The recent published Health Sector Strategic Plan III 2010-
2015 from the Ministry of Health in Uganda does not mention COPD at all.19 Around 
78% of the population lives in rural areas; 86% of this rural population uses wood for 
cooking and 10% use charcoal.18  
The aim of this qualitative study was to explore the beliefs and attitudes in the rural 
community concerning health (particularly chronic respiratory illnesses), use of 
biomass fuels, tobacco smoking, and the use of health services. Focus group 
discussions (FGDs) were used to find answers to the following questions:  
x How does the community cope with respiratory symptoms?  
x Does gender influence their behaviour?  
x What are the cooking habits and the traditions of the community?  
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x Are the cultural taboos and cultural practices affected by their tribal origin?  
x What is the knowledge of the community concerning the risk factors of CRDs?  
Methods 
Setting 
The FGDs, undertaken in March 2011, targeted Masindi District, located in the mid-
western part of Uganda. The population was predominantly rural with only 5.4% of 
the residents living in urban areas. The district population in 2010 was estimated at 
approximately 370,000. Masindi District had a diverse ethnic composition of 55 tribes, 
with the dominant tribes, the Banyoro and the Lugbara, forming about 60% of the 
population.18 Ten villages within the three counties were randomly selected: three 
each in the smaller counties and four in the largest. Half of the villages were in tobacco 
growing areas.  
Box 1: Focus group interview questions 
A. Knowledge and attitude 
 1. How is the knowledge, attitude and practice when it comes to respiratory 
symptoms? 
 2. How is the knowledge and attitude of chronic respiratory diseases? 
 3. How is the knowledge of risk factors such as biomass fuel use and tobacco smoke? 
 4. How many households have adopted intervention programs? 
 5. How is the health seeking behaviour for respiratory symptoms?  
 B. Biomass fuel use 
 1. What type of fuel is mainly used for cooking and heating? 
 2. Where is the cooking usually done (indoor or outdoor, rooms used for 
living/sleeping)? 
 3. What type of ventilation is used to remove smoke from their homes? 
 4. Who are most exposed to biomass smoke? 
 5. What is the duration of exposure to biomass smoke? 
 6. How does culture and tradition affect the exposure to biomass smoke? 
C. Tobacco use 
 1. What are the most common tobacco products? 
 2. What is the average number of smokers in the community? 
 3. How does culture and tradition affect their smoking behaviour? 
 
Data collection 
Prior to the FGDs, all the villages were visited and the village leaders were consulted 
to obtain community consent after giving the relevant information about the purpose 
of the study. For the FGDs, we wanted to have four groups of women aged ǃ30 years, 
three groups of men aged ǃ 30 years, and three mixed groups of men and women aged 
Chapter 3
46
of 15-25 years. The separation was intended to capture specific information, beliefs 
and attitudes of varying community clusters independently. In each village the village 
leader was asked to select randomly 10 members of the community for a specific 
group. All the FGDs were led by the same sociologist from Uganda. There were many 
different languages spoken by the tribes, of which Lunyoro and Swahili were most 
dominant. The sociologist spoke Lunyoro and received help of the village leader as 
interpreter whenever other languages were spoken. Each group had about 10 to 15 
participants. In some villages the village leader could not exclude more participants 
for social reasons. The FGDs lasted for approximately one hour and all the discussions 
were audiotaped. The interview questions of the FGDs had 3 main themes: knowledge 
and attitude, biomass fuel use and tobacco use (Box 1). 
Data analysis 
The interviews were translated into English and transcribed verbatim. The 
transcriptions were read several times independently by FvG, CdJ and TvdM, to get 
an overall picture, and then entered into NVivo 9, a qualitative data management 
program. With full agreement, a thematic framework was generated for the key 
themes and sub-themes. This was used to code all transcripts and to explore and 
compare themes between interviews. This process was undertaken by FvG, and was 
reviewed frequently with CdJ and TvdM to ensure trustworthiness and validity of 
data analysis. 
Ethical consideration 
This qualitative study was approved by the local medical ethics committee, the 
Uganda National Council for Science and Technology.  
Results  
Chronic respiratory symptoms 
In most of the FGDs the word ‘asthma’ was known, although they did not understand 
the implication of this disease. The word ‘COPD’, however, was totally unknown. 
Most participants of the FGDs knew TB as a serious disease. 
Chronic cough seemed to be common in these rural areas, not only among smoking 
men, but also among non-smoking women and children. It was often associated with 
TB and viewed as contagious.  
“There is a fear of TB: as long as somebody does not know the cause of his or her 
coughing, we will be cautious relating with them because it might be TB”. (FGD, 
women) 
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In many areas chronic cough was stigmatised: in their homes the utensils were kept 
aside, at times even when their diagnosis for TB was negative. In certain communities 
a person with chronic cough could even become an outcast. During the village 
meetings they were kept at a distance, in isolation from the rest of the village members.  
“It is the fear of stigma that makes them keep their illnesses to themselves. When people 
become aware you have any of these diseases, you cannot sit close to people like here.” 
(FGD, youth)  
The situation was different in tobacco-growing areas where the communities were so 
accustomed to living with chronic cough that they didn’t consider it a health problem. 
In these areas the stigma was limited.  
“We don’t mind smoker’s coughing; we know it is a result of their smoking and not 
contagious”. (FGD, men)                                               
 
 
Figure1: Biomass fuel smoke escaping through thatched roofs (photo: C. de Jong) 
“Women with chronic cough are not as accepted as men. As a man I don’t want my 
wife to have a chronic cough; I give her herbs or get her medical treatment because it 
becomes irritating.” (FGD, men)  
In most of the focus groups wheezing was a serious condition worth seeking medical 
care. Wheezing was often associated with asthma. In several villages asthma was 
thought to be contagious. In one village the adults had tried to keep their wheezing 
child a secret, except for direct family members.  
Shortness of breath was seen among adults above age > 40 years, particularly in areas 
where the villagers grew tobacco.  
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“There is a lady with shortness of breath. She has been treated at the health centre but 
she hasn’t improved. She has given up of getting better” (FGD, youth) 
Occasionally the community considered shortness of breath as being contagious too. 
Most of the time patients refrained from seeking medical care, unless their symptoms 
deteriorated in a very short time. 
Biomass fuel exposure 
Almost all the households in the rural areas used firewood for cooking; a small 
percentage used charcoal, particularly in urban areas. Charcoal was too expensive for 
most communities. In addition, firewood gave the food a more favourable taste. Crop 
residues and dung were barely used. The majority cooked indoors in the kitchen, 
using an open fire with three rocks as support for the pot or griddle. There were no 
chimneys and there was hardly any ventilation. Some people used their sleeping space 
for cooking, exposing the whole family to biomass smoke. Others, who could afford 
more, had a separate kitchen in their homes. Occasionally, the fire was used for 
warmth. 
“Children love sitting in the kitchen for warmth. As soon it gets dark, they run to 
their mother’s kitchen” (FDG, male) 
A few people had well aerated kitchens, but these were considered incomplete and 
undesirable by a large part of the community because of their inability to be used for 
storage. Rain (particularly during the wet seasons) and wind made cooking outside 
problematic. 
   
Figure 2: traditional open fire used for cooking, leading to high levels of indoor pollution (photo: 
F.A. van Gemert) 
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“When you cook outside, the wind blows the fire around; the wood gets burnt out 
when the food is not ready” (FGD, women) 
“You also use a lot of firewood because of the wind, yet it is scarce”. (FGD, women) 
Particularly during the harvest and wet seasons, the different tribal groups ate sweet 
potatoes, matooke (steamed green bananas) and dried beans, all taking about three hours to 
cook. All the household chores were the responsibility of the women, whether they 
were ill or not. The tradition of initiating the young girls between 6-12 years into 
womanhood, exposed the children to biomass smoke at young age.  
“That is how we learnt how to cook ourselves. When the children grow older, it 
becomes harder to teach them because they have to go to school”. (FGD, youth) 
In total, women were exposed to biomass smoke for about six hours a day, most of the 
time in the afternoon and evening after working in the fields in the morning. A few 
women in the communities did realise firewood smoke affected their health.  
“I am afraid I might get health problems as a result of firewood smoke. That smoke 
might be the reason why some people have breathing problems and chronic cough”. 
(FGD, women) 
It was almost impossible for women to change the age-old cooking tradition as they 
were lowest in societal position. Many women still cooked inside with their babies in 
the kitchen, particularly when they were breast feeding. Children under the age of 5 
were often close by their mother when she was cooking.  During one of the male focus-
group discussions they were talking about a woman with a chronic cough and the 
impact of using firewood for cooking. One man’s concern was:  
“Who will cook for this woman’s husband if she has to limit her exposure to smoke? 
How will he survive?” (FGD, men) 
Men rarely did household chores as it was considered a sign of weakness in rural 
communities. The men, therefore, reacted differently:  
“We can tell you about tobacco smoking, but we know nothing about kitchen smoke: 
that is women’s work” (FGD, men) 
“We do not cook and we have no idea that firewood smoke affects those who cook” 
(FGD, men) 
Tobacco  
In the tobacco-growing areas, most men and many of the elderly women smoked 
tobacco. It was their culture and they had easy access to tobacco products. Cannabis 
was smoked predominantly by young men. Young children smoked too, picking up 
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the pieces thrown away by their fathers. Most of the adults smoked tobacco leaves 
wrapped in paper (simonko), some mixed tobacco with ashes and placed it under the 
tongues, and others -especially men who could afford it- smoked cigarettes. Many 
men believed that cigarettes were safe; women often didn’t agree. 
“It is tobacco leaves that are not good; cigarettes are not as hazardous”. (FGD, men) 
“Many people who smoke simonko and cigarettes have chronic cough” (FGD, 
women) 
Men smoked anywhere they wanted, and smoked indoors in the presence of children, 
exposing their families to tobacco smoke every night. They couldn’t be challenged as 
they were the head of the family and could do whatever they wanted. 
“My husband smokes in bed in the middle of the night claiming he owns the house 
and can do whatever he wants, even smoking under the mosquito-net”. (FGD, 
women) 
“My husband told me if I am bothered by his smoking, I am free to leave so that he 
can bring his other wife”. (FGD, women) 
 “I smoke with my mouth, not yours…” (FGD, men) 
Tobacco leaves were dried in sealed houses using an open fire. Both adults and 
children kept watch inside to ensure the leaves didn’t catch fire. Some adults had 
spent more than 30 years being exposed to that smoke.  
Medical care 
The communities often used local herbs as treatment (boiled mango leaves), although 
the use of traditional healers was denied in all the FGDs. Sometimes they bought 
syrups at the dispensaries, but these were rather expensive.  
“Sometimes you do not have the money to buy drugs for the prescription; that is why 
we keep quiet with our illness and do not seek medical treatment”. (FGD, women) 
The communities in the urban areas often felt that the medical professionals favoured 
town people over people from the villages. Their trust in health centres was low 
particularly when it concerned chronic respiratory symptoms. An occasional “TB-
negative” diagnosis was frustrating for the community because this meant the 
healthcare centres had no possibility to treat them. 
“My wife coughs a lot. She was tested for TB and the results were negative. She has 
been treated without improvement”. (FGD, men) 
“My husband, a former addict to tobacco, has a chronic cough. He has shortness of 
breath and sometimes almost suffocates. He had treatment from the health centre, but 
it has not been effective”. (FGD, women) 
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The health centres sometimes only had a few essential drugs in stock like antibiotics, 
paracetamol and anti-malaria drugs. In Masindi district, salbutamol tablets were only 
available at the hospital. Inhaled medication was not available at all.  
Discussion 
Main findings 
The results of the focus group discussions (FGDs) reveal that many people of all ages 
have respiratory symptoms. The general lack of knowledge on CRDs, particularly 
COPD, has created different beliefs and attitudes towards respiratory symptoms in the 
different communities. This varies from acceptance in communities with a high 
incidence to stigmatisation in low incidence communities. The connection between TB 
and chronic respiratory symptoms is often made. 
Each tribal group has distinctive practices when it comes to staple food, cooking 
tradition, sleeping areas, and smoking habits, all of which largely affect levels of 
exposure to biomass fuel smoke and tobacco smoke. Generally speaking, wood is the 
major source of biomass fuel for cooking and heating. The poorest people in the rural 
areas are most exposed to biomass fuel smoke as they can’t afford a separate cooking 
place. Societal roles are largely determined by gender, with the result that women are 
much more exposed to biomass smoke than men, starting at young age. Growing 
tobacco is for several tribes the main source of income and hence is easily accessible, 
resulting in a high smoking prevalence.  
Strengths and limitations of this study 
This is the first qualitative study exploring attitudes and beliefs on respiratory 
symptoms, tobacco smoking, biomass fuel use and use of health services in a rural 
area of a sub-Saharan country. 
At first the FGDs were undertaken very carefully as a lack of clarity existed regarding 
cultural sensitivities in relation to specific questions. The initial discussions were 
therefore open-structured. In the course of the FGDs we had the opportunity to 
develop a semi-structured protocol for the discussions by analysing the field notes 
made by the sociologist manually during the fieldwork. This allowed us to focus on 
specific issues raised by the participants in the next FGDs.  
As a translator and interviewer, the sociologist was offered significant opportunities 
for close attention to address cultural meanings during the FGDs. The field notes and 
the translations hereafter were regarded as a check to the validity of interpretations. 
A drawback was the use of an interpreter in several villages we visited. Even though 
all the village leaders spoke English and the primary language of the concerned 
village, they weren’t always familiar with medical terminology. We therefore 
Chapter 3
52
endeavored to formulate the questions short and simple. In several occasions words 
and concepts were demonstrated to make sure people understood.          
Interpretation of findings in relation to previously published work 
Chronic respiratory symptoms, such as chronic cough, sputum, shortness of breath, 
wheeze, and even serious respiratory infections seem to be very common in the rural 
district of Masindi. Tobacco smoking and indoor biomass fuel use could be major 
contributing factors to these symptoms in men, women and children.9,10,20-22 Many 
people, however, are still unaware of the damage to respiratory health caused by 
smoking tobacco and biomass fuel use.1,8 The use of biomass fuel is not only determined 
by their cultural tradition, but also by socioeconomic factors such as poverty and 
living conditions.10 The nature of the communities determines healthcare-seeking 
behaviour - both traditional (local herbs) or western (dispensaries and health centres) - 
most of the time with a lack of successful results.  
Implications for future research, policy and practice 
Exposure to tobacco smoke as well as biomass fuel smoke may cause a high incidence 
of COPD in these communities. Wood smoke exposure has shown to be a major 
contributing factor for the development of COPD, causing a preventable burden in 
sub-Saharan Africa.7,9,10,12 Unfortunately, COPD and its main risk factors receive 
insufficient attention from the healthcare community, government officials, patients 
and their families. A major priority should be increasing the knowledge of COPD in the 
various communities, and promoting awareness among healthcare workers about the 
detrimental health effects of these risk factors.  
More research is needed in sub-Saharan Africa on the prevalence of COPD and its risk 
factors. It is critically important that the social, cultural and economic context is taken 
into account when a study is designed, and should contribute directly to the 
strengthening of local knowledge of COPD. 
Conclusion                                                                                                                                                          
The knowledge of CRDs, particularly COPD, in this area of Uganda - and probably 
many other rural area’s in sub-Saharan Africa - is poor. The lack of knowledge has 
created different beliefs and attitudes. The majority of the community uses biomass 
fuels to cook and is unaware of the damage caused by tobacco and biomass smoke. 
The extent of exposure to these risk factors are largely determined by gender, cultural 
tradition, tribal origin and socioeconomic status. Further research on the prevalence 
of COPD and its risk factors might help to avoid high prevalence of COPD in sub-
Saharan Africa in the future. 
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In sub-Saharan Africa, little is known about the damage to respiratory health caused by 
biomass smoke and tobacco smoke. We assessed the prevalence of chronic obstructive 
pulmonary disease (COPD) and related risk factors in a rural region of Uganda. 
 
Methods  
We did this prospective observational cross-sectional study in rural Masindi, Uganda. We 
randomly selected people above the age of 30 years from 30 villages. Trained local health-
care workers asked validated questionnaires and administered spirometry to participants. 
We ę COPD as FEV1/FVC less than the lower limit of normal. We calculated 
prevalence of COPD and tested its association with risk factors. 
 
Findings  
Between April 13, and Aug 14, 2012, we invited 620 people to participate, of whom 588 
provided acceptable spirometry and were analysed. Mean age was 45 years (SD 13.7); 297 
(51%) were women. 546 (93%) were exposed to biomass smoke. The prevalence of COPD 
was 16.2% (15.4% in men, 16.8% in women). Prevalence was highest in people aged 30–39 
years (17 [38%] of 45 men, 20 [40%] of 50 women). 20 (44%) of 45 men with COPD were 
current smokers (mean age 40 years, SD 7.5), 11 (24%) were former smokers (mean age 
49 years, SD 11.0); four [8%] of 50 women were current smokers (mean age 52 years, SD 
18.1), nine (18%) were former smokers (mean age 64 years, SD 16.2). Mean Clinical COPD 
Questionnaire score was 0.81 (SD 0.78), mean Medical Research Council dyspnoea score 
was 1.33 (SD 0.65); 28 (30%) of 95 patients had had one or more exacerbations past 12 
months. COPD was associated with wheeze (odds ratio 2.17, 95% CI 1.09–4.34; p=0.028) 
and being a former smoker (1.96, 1.07–3.59; p=0.029). 
 
Interpretation  
In this rural district of Uganda, COPD starts early in life. Major risk factors were biomass 
smoke for both sexes and tobacco smoke for men. In addition to high smoking prevalence 









Non-communicable diseases have often been considered less important than 
communicable diseases in low-income and middle-income countries.1 However, 
chronic obstructive pulmonary disease (COPD), once regarded as a disease of high-
income countries, is now recognised as common in low-income and middle-income 
countries.2,3 COPD is the fourth leading cause of death worldwide, and is predicted to 
become the third by 2020, surpassing the combined mortality for malaria, tuberculosis, 
and HIV/AIDS in Africa.4–6  
The main causes of COPD in high-income countries are tobacco smoke and 
occupational exposure, but in low-income and middle-income countries use of 
biomass fuel (wood, dung, crop residues, and charcoal) for cooking and domestic 
heating is also a major cause of COPD and childhood respiratory infections.2,7–9 
Biomass fuels are often burned inefficiently in open fires, leading to high levels of 
indoor air pollution, exceeding health limits specified by international standards of 
ambient air quality.7 Worldwide, biomass fuels are used in about 50% of households, 
exposing more than 3 billion people to their adverse effects.9,10 Other contributing risk 
factors for COPD in low-income and middle-income countries are a history of 
tuberculosis, untreated asthma, respiratory infections, kerosene-based lighting, and 
socioeconomic factors such as malnutrition and poverty.5 
In sub-Saharan Africa, particularly in rural regions, knowledge of COPD is very poor; 
many people (healthcare workers, government officials, and the public) are unaware 
of the damage to respiratory health caused by tobacco and biomass fuel smoke.11 Data 
for the burden of COPD and related risk factors are scarce or not available. Some 
surveys have been done in Africa;12 however, they have often been of poor quality—
for example, COPD diagnosis based on the presence of symptoms rather than 
spirometry or bronchodilator use.10,12 Only two population studies have used 
appropriate methods and population- representative sampling. In 2007, the Burden 
of Lung Disease study13 in South Africa showed a high prevalence of stage 2 or higher 
COPD (22.2% in men and 16.7% in women) in an urban population older than age 40 
years, associated with previous tuberculosis and occupational exposure in addition to 
smoking. In 2008–09, a survey done in urban and rural Rwanda reported a COPD 
prevalence of 9.6% in people older than age 45 years.14 
We did a study (FRESH AIR Uganda) to assess the prevalence and burden of COPD 
and related risk factors in adults in a poor rural region of Uganda. 
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Methods 
Study design and participants 
We did this population-based, observational, cross- sectional study between April 13 
and August 14 2012, in the rural district of Masindi (population 350 000) in Uganda, a 
low-income country with an average life expectancy of 52 years (48 years for men, 57 years 
for women).15 Twenty-five local nurses and health officers were recruited as research 
assistants and received a five-day training course in high-quality spirometry.16 
We chose Masindi district because it had a stable ȱȱȱęȱȱarea 
and a functional health system. In collaboration with the National Bureau of Statistics 
in Uganda, we selected 30 villages with a probability proportional to their size. Each 
village contained an estimated 150 households; each household consisted of 1.5 adults 
on average. Selected villages were visited to count the households. In each village, 20 
households were then selected, with simple random sampling using R statistical 
software. From the chosen households, all eligible men and women were invited to 
participate. 
Exclusion criteria were age younger than 30 years, history of any mental illnesses; 
myocardial infarction in the past 6 weeks; hospital admission for cardiac illnesses 
within the past 6 months; thoracic, abdominal, or eye surgery (or retinal detachment) 
in the past 6 weeks; active tuberculosis; pregnancy; and present lung infection 
(participants were included after recovery). Age 30 years was chosen as the ě to 
avoid missing people with premature airflow obstruction because exposure to biomass 
smoke starts during early childhood.6-11 
The liaison Ĝ from the district health Ĝ visited the villages and, together with 
the village leader, explained the purpose of the survey to eligible participants. Each 
participant signed an informed consent form, or in case of illiteracy, thumb-printed 
and signed by a witness. The study was approved by the Makerere University School 
of Medicine Research and Ethics Committee and the Uganda National Council for 
Science and Technology. 
Procedures 
Weight and height were measured. A screening questionnaire, developed from 
ě validated questionnaires and adapted to local circumstances, was completed 
during a face-to-face interview.17-19 The questions included tribal origin, education, 
occupation, living in tobacco-growing areas, respiratory symptoms (cough, sputum, 
wheezing, shortness of breath), Medical Research Council dyspnea scale score, chest 
infections, tobacco use, biomass fuel use, cooking and sleeping areas, tuberculosis, 





All participants underwent spirometry after explanation by a research assistant in 
their local language. Spirometry was done in accordance with the American Thoracic 
Society and European Respiratory Society recommendations: at least three acceptable 
and reproducible blows with the largest and second-largest values for both forced 
vital capacity (FVC) and forced expiratory volume in 1 s (FEV1) within 150 ml or no 
ȱȱśƖȱěǲȱȱlargest values for FVC and FEV1 were considered the best 
and used for analysis.6,16 
Spirometry was done while seated, using Pneumotrac with Spirotrac V software 
(version 1.06). A new ęlter was applied for each measurement to avoid 
contamination. Spirometers were calibrated every morning with a 1 L syringe and 
weekly with a biological control. 
In most epidemiological surveys, COPD is ę by spirometry and few clinical 
characteristics.20 This contrasts with clinical guidance recommending a diagnosis based 
on compatible spirometry and clinician’s assessment of exposure to risk factors, 
symptoms, limitations, health-related quality-of-life, and exacerbations.6,16 
We used a pre-bronchodilator FEV1/FVC ratio of less than 0.8 or an FVC of less than 
ŞŖƖȱȱě for whether or not to do a post-bronchodilator assessment, to avoid 
underestimating FVC, which could result in a normal FEV1/FVC ratio. Participants 
took a short-acting bronchodilator (salbutamol 200 μg) administered with a Redihaler 
(to avoid possible infections with a spacer) and spirometry was repeated 15 min 
thereafter. All spirometry results were reviewed weekly by the investigators; those 
which did not meet the quality criteria were repeated. 
The Global Initiative for Chronic Obstructive Lung ȱ ęȱ ȱ Ě ȱ
obstruction includes a ęxed FEV1/FVC ratio of less than 0.7 after administration of an 
inhaled broncho- dilator.6 Because this definition could lead to over-diagnosis in 
elderly participants and under-diagnosis in young participants, we used a lower limit 
of normal threshold to define COPD – i.e. participants below the fifth percentile of the 
predicted FEV1/FVC ratio (calculated with GLI 2012 DataConversion software, version 
3.3.1).22-24 Classification of severity of COPD was based on the Global Initiative for 
Chronic Obstructive Lung Disease criteria: mild obstruction, FEV1 ǃȱŞŖƖǲȱȱ
obstruction, FEV1 50-79%; severe obstruction, FEV1 30-49%; and very severe 
obstruction, FEV1 < 30%.4,20  
We assessed health-related quality-of-life with the Clinical COPD Questionnaire, a 
ten-item questionnaire divided into three domains (symptoms, mental state, and 
functional state) and translated to the main local language.25 The final mean score of 
the questionnaire was calculated, with a higher score representing worse health 




The intended sample size was 600 participants, calculated to give an acceptable degree 
of reliability for estimating prevalence (for an estimate prevalence of 15%, 95% CI 12.1–
17.9).13 We compared COPD prevalence in men and women with a ΛŶ test. We did 
univariate analyses to evaluate associations between COPD and possible risk factors, 
selected on basis of previous studies.2,3,6 For normally distributed variables we used 
Student’s t tests and Pearson correlation Ĝǰȱȱȱ-normally distributed 
variables we used Mann-Whitney U tests and Spearman’s correlation Ĝǯ The 
risk factors were age, sex, 
occupation, wheeze, cough, 
shortness of breath, smoking 
status, pack years, time cooking 
indoors, time cooking outdoors, 
respiratory infections, asthma, 
heart failure, tuberculosis, and 
socio-economic factors. We 
included risk factors that had a p 
value lower than 0.2 in the 
univariate analyses in 
subsequent multivariate 
regression analysis using the 
backward Wald method.26 
Selection of the logistic models was based on Nagelkerke’s Ŷǰ Hosmer- Lemeshow 
test, and the receiver operating characteristic curve. We considered p values less than 
0.05 as statistically ę and p values of 0.05–0.1 as trends. We did the 
statistical analysis with SPSS (version 20). 
Role of the funding source 
The funder of the survey had no role in study design, data collection, data analysis, 
data interpretation, or writing of the report. The corresponding author had full access 
ȱȱȱȱȱȱęȱ¢ȱ the decision to submit for publication. 
Results 
Of the 620 people invited to participate, 609 underwent spirometry ǻę 1). 588 (97%) 
of 609 people (291 men and 297 women) provided acceptable spirometry ǻę 1).  We 
detected no statistically ę ě between the 588 people with acceptable  
Figure 1: Study participants 
620 people invited to participate
609 assessed
11 excluded
    4 withdrew consent
    2 too infirm
    5 not eligible
64 participants with unacceptable spirometry545 with acceptable spirometry
43 participants with acceptable spirometry 
when repeated
21 excluded
   5 refused repeat spirometry






spirometry and the 21 people without 
acceptable spirometry in terms of age, sex, 
smoking behaviour, and tuberculosis 
infection (data not shown). Mean age was 
45.2 years (SD 13.6); 414 (70%) participants 
were aged 30–49 years. 485 (83%) lived in  
rural  areas and 440 (75%) were farmers. 
Electricity was not available for 545 (93%) 
participants; 552 (94%) used kerosene-
based lighting. 
Almost all participants, both men and 
women, were exposed to biomass smoke, 
indoor as well as outdoor (table 1). In 521 
(98%) of 546 exposed participants, wood 
was    the main solid fuel for cooking, used 
in an open ęǯ Smoking was more 
common in men than in women (table 1), 
particularly among young men: 52 (52%) 
of 100 male smokers were younger than 39 
years (data not shown). ȱȱȱęȱȱȱȱ1/FVC less than 
the lower limit of normal, the prevalence of COPD was 16.2% (95 of 588 participants); 
50 (52.6%) were women. The mean age of patients with COPD was 46.7 years (SD 
14.0). Among participants with COPD, 17 (38%) of 45 men and 20 (40%) of 50 women 
were aged 30–39 years; seven (7.4%) were older than 70 years ǻę 2). Most 
participants had mild Ě  obstruction, a ęfth had moderate obstruction, and few 
had severe obstruction; no participants had very severe obstruction (table 2). 12 (2%) 
of 588 participants had asthma and eight (1.4%) had a restrictive spirometry pattern. 
Almost all patients had never had tuberculosis; 5% did not know (table 3). 27 (4.6%) of 
588 participants reported being HIV positive. 
According to the Global Initiative for Chronic Obstructive Lung Disease criterion, COPD 
prevalence was 12.4% (73 of 588 participants); 32 (43.8%) were women. Mean age of COPD 
patients using this criterion was 55.5 years (SD 14.7); 11 (15.1%) were aged 30–39 years and 
15 (20.5%) were older than 70 years (appendix).      
Mean Clinical COPD Questionnaire score was 0.81 (SD 0.78); the mean score for the 
symptoms domain was 1.09 (SD 0.95), for the mental state domain it was 0.60 (SD                              
  Men (n=291) Women (n=297) 
Age (years)  45.0 (12.8) 45.4 (14.5) 
Body-mass index (kg/m3) 22.2 (3.2) 23.7 (4.9) 
Education    
   None    25 (8.6%)   93 (31.3%) 
   Primary (age 7-13 years) 189 (64.9%) 169 (56.9%) 
   Seconday (age 13-19 years)   63 (21.6%)   28 (9.4%) 
   Tertiary (age > 19 years)   14 (4.8%)     7 (2.4%) 
Smoking status   
   Current smoker 100 (34.4%)   22 (7.4%) 
   Former smoker   63 (21.6%)   24 (8.1%) 
   Never smoker 128 (44.0%) 251 (84.5%) 
Biomass fuel use   
   Indoor exposure 265 (91.1%) 281 (94.6%) 
     Hours exposed per day     3.1(2.5)     5.2 (2.4) 
     Years exposed   25.5 (18.4)   33.3 (18.2) 
   Outdoor exposure 262 (90.0%) 282 (94.9%) 
     Hours exposed per day     1.3 (1.7)     1.9 (2.5) 
     Years exposed   20.3 (16.9)   25.5 (17.7) 
    
Data are mean (SD) or number (%)  
Table 1: Demographic characteristics of study 
population 
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1.03), and for the functional state domain it 
was 0.64 (SD 0.88; table 2). The mean 
Medical Research Council dyspnoea score 
was 1.33 (SD 0.66) for participants with 
COPD, and 1.31 (SD 0.59) for participants 
without COPD.  One or more exacerbations 
within the previous 12 months were reported 
by 28 (29.5%) of 95 participants with COPD, 
increasing with age (20% for people aged 30–
39 years, 23% for people aged 40–49 
years,23% for people aged 50–59 years, 67% 
for those aged 60–69 years, and 57% for 
ȱ ȱ ǁŝŖȱ ¢Ǽǯȱ ȱ ȱ ęȱ ȱ
participants with COPD had two or more 
exacerbations in the past 12 months (table 3). 
ȱ¡ȱ ȱȱȱ ȱĚ ȱǰȱǰȱȱ¢ȱ
score of 2 or more. 
546 (92.9%) of 588 participants were exposed to indoor biomass smoke and 544 (92.5%) 
were exposed to outdoor biomass smoke. Univariate analysis showed that exposure 
did not ě ę¢ between COPD and non-COPD participants (table 3). The   
  Men (n=45) Women (n=50) 
Symptoms    
   Cough  15 (33.3%) 14 (28.0%) 
   Phlegm  13 (28.9%)   8 (16.0%) 
   Wheeze    9 (20.0%)   7 (14.0%) 
   Out of breath   4 (8.9%)   6 (12.0%) 
MRC dyspnoea score 1.31 (0.70) 1.34 (0.63) 
Clinical COPD Questionnaire score  
  Total  0.76 (0.67) 0.85 (0.87) 
  Symptom  1.13 (0.84) 1.05 (1.05) 
  Mental  0.61 (1.10) 0.59 (0.97) 
  Functional  0.47 (0.60) 0.79 (1.05) 
Exacerbations in the past 12 months  
   0  32 (71.1%) 35 (70.0%) 
   1    2 (4.4%)   6 (12.0%) 
   2    4 (8.9%)   4 (8.0%) 
   3 or more    7 (15.6%)   5 (10,0%) 
Spirometry*    
   FVC (L)  4.03 (0.79) 2.91 (0.72) 
   FVC (% predicted) 116.4 (21.1) 116.8 (21.1) 
   FEV1 (L)  2.63 (0.59) 1.98 (20.3) 
   FEV1 (% predicted) 91.7 (17.2) 91.8 (20.3) 
   FEV1/FVC  0.64 (0,07) 0.66 (0.06) 
Severity in GOLD classification  
   1 (mild)  37 (82.2%) 37 (74.0%) 
   2 (moderate)   7 (15.6%) 12 (24.0%) 
   3 (severe)    1 (2.2%)   1 (2.0%) 
   4 (very severe)   0   0 
    
Data are n (%) or mean (SD). COPD=chronic obstructive 
pulmonary disease. GOLD=Global Initiative for Chronic 
Lung Disease. MRC=Medical Research Council. 
FVC=forced vital capacity. FEV1=forced expiratory 








      
  
Figure 2: age of participants with chronic 
obstructive pulmonary disease (defined as ratio of 
forced respiratory volume in 1s to forced vital capacity less than 








Table 2: Clinical characteristics of 
participants with COPD (defined as 
FEV1/FVC less than the lower limit of normal) 
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univariate analysis also showed that smoking status was associated with COPD (table 
3). Cough and wheeze  ȱę¢ȱȱȱȱȱ ȱȱȱ
in participants without COPD (appendix). 
ȱ ȱ  ȱ ȱ ę¢ȱ
associated with COPD (table 3). We ȱ ȱ ę ě between 
participants with and without COPD with regards to age, sex, education, tribal  
                                                                                    
  Non-COPD (n=493) COPD (n=95)  p value (non-COPD vs COPD) 
  Men (n=246) Women (n=247) Men (n=45) Women (n=50) Men Women Both sexes 
Smoking status     0.152 0.017 0.046 
  Current smoker   80 (32.5%)   18 (7.3%) 20 (44.4%)   4 (8.0%) 0.121 0.861  
  Former smoker   52 (21.1%)   15 (6.1%) 11 (24.4%)   9 (18.0%) 0.621 0.005  
  Never smoker 114 (46.3%) 214 (86.6%) 14 (31.1%) 37 (74.0%) 0.058 0.024  
Indoor biomass fuel        
  Participants exposed 225 (91.5%) 235 (95.1%) 40 (88.9%) 46 (92.0%) 0.578 0.370 0.335 
  Years exposed   26.1 (18.3)   32.9 (17.9)   22.0 (18.2) 36.2 (19.5) 0.168 0.241 0.965 
  Hours exposed per day      3.1 (2.6)      5.1 (2.6)      3.4 (2.1)    5.6 (2.6) 0.553 0.172 0.145 
Outdoor biomass fuel        
  Participants exposed 221 (89.8%) 236 (95.5%) 41 (91.1%) 46 (92.0%) 0.793 0.296 0.704 
  Years exposed   20.3 (17.0)   24.7 (17.5)   20.4 (16.1) 26.7 (18.6) 0.989 0.464 0.502 
  Hours exposed per day      1.2 (1.7)      1.9 (2.5)      1.6 (1,7)    2.0 (2.5) 0.380 0.939 0.143 
Cooking area     0.117 0.297 0.711 
  Same building   44 (17.9%)   26 (14.6%)   8 (17.8%) 10 (20.0%) -- -- -- 
  Separate building 202 (82.1%) 221 (85.4%) 37 (82.2%) 40 (80.0%) -- -- -- 
Village in tobacco-growing area 106 (43.1%) 91 (36.8%) 26 (57.8%) 18 (36.0%) 0.069 0.910 0.249 
Chest infections     0.007 0.541 0.266 
  None    30 (12.2%)   20 (8.1%)   4 (8.9%)   5 (10.0%) 0.526 NA -- 
  1 or 2 per year 134 (54.5%) 138 (55.9%) 15 (33.3%) 31 (62.0%) 0.090 0.425 -- 
  > 2 per year    82 (33.3%)   89 (36.0%) 26 (57.8%) 14 (28.0%) 0.020 0.330 -- 
Tuberculosis     NA* NA* NA* 
  Ever had and treated     5 (2.0%)     4 (1.6%)   1 (2.2%)   2 (4.0%) -- -- -- 
  Never had  228 (92.7%) 238 (96.4%) 40 (88.9%) 43 (86.0%) -- -- -- 
  Does not know   13 (5.3%)     5 (2.0%)   4 (8.9%)   5 (10.0%) -- -- -- 
  Currently being treated     0     0   0   0 -- -- -- 
Had heart failure?     0.042 0.113 0.013 
  No   242 (98.4%) 236 (95.5%) 42 (93.3%) 45 (90.0%) -- -- -- 
  Yes      4 (1.6%)   11 (4.5%)   3 (6.7%)   5 (10.0%) -- -- -- 
Had HIV/aids?     NA* NA* NA* 
  No  106 (43.1%) 126 (51.0%) 20 (44.4%) 24 (48.0%) -- -- -- 
  Yes      8 (3.3%)   14 (5.7%)   2 (4.4%)   3 (6.0%) -- -- -- 
  Did not know 132 (53.6%) 107 (43.3%) 23 (51.2%) 23 (46.0%) -- -- -- 
         
Data are n (%) or mean (SD). *Too few participants to calculate p value; COPD=chronic obstructive pulmonary disease 
 Table 3: Risk factors for COPD 
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   Odds ratio (95%CI) p value 
Smoking    
   Never smoker 1 (reference) 
   Current smoker 1.669 (0.956-2.914)   0.072 
   Former smoker 1.960 (1.070-3.589)   0.029 
Wheeze 
   
   No  1 (reference) 
   Yes  2.174 (1.088-4.344)   0.028 
Cough    
   No  1 (reference) 
   Yes  1.625 (0.956-2.761)   0.073 
Heart failure   
   No  1 (reference) 
   Yes  2.516 (0.979-6.463)   0.055 
Time cooking indoors* 1.089 (0.999-1.187)   0.053 
 
See appendix for all results of multivariable analyses. 
*Hours per day exposed to biomass smoke caused by 
cooking indoors 
                                    
Table 4: Selected results of multivariate analyses 
for COPD 
origin, asthma, chest infections, living in a tobacco-growing area, type of cooking area, 
hospital admission in the past 2 years, and health centre visits in the past 2 years. Too 
few participants had HIV/AIDS or tuberculosis to assess associations for these 
diseases. We detected a correlation between age and years of exposure to biomass 
smoke (indoors r=0.564, p<0.0001 and outdoors r=0.603, p<0.0001), and age and 
dyspnoea score (r=0.291, p<0.0001). 
Women were more exposed than were men to biomass smoke, both indoors and 
outdoors and both in terms of hours per day and number of years (all   p<0.0001). 
Univariate analyses within sexes showed an association with COPD among men with 
more than two chest infections per year, and a trend among men in villages in tobacco-
growing areas (table 3). 
Among participants with COPD, 20 (44%) of 45 men and four (8%) of 50 women were 
current smokers; their mean age was 40.4 years for men and 52.0 years for women 
(65% of men compared with 5% of women aged 30–39 years were current smokers). 11 
(24%) men and nine (18%) women were former smokers; their mean age was 48.6 
years and 63.8 years, respectively ǻę 3). 
Logistic regression analyses showed an association of wheeze and being a former 









    
  
  
Figure 3: Smoking status by age and sex for 
participants with chronic obstructive 
pulmonary disease (defined as ratio of forced 
expiratory volume in 1 s to forced vital capacity less than 













ȱ ȱ ȱ  ȱ ȱ ȱ ȱ ę population- based, randomised, cross-
sectional surveys done in a rural area of a sub-Saharan country focused on the 
prevalence and burden of COPD, an unknown disease in the community (panel). The 
prevalence of spirometry-ę COPD in people older than 30 years was 16%; 39% 
of them, both men and women, were aged 30–39 years. 
Where present, airflow obstruction was not generally severe; the same applied to 
symptoms, health-related quality of life, and dyspnea score. The relevance of 
asymptomatic airflow obstruction is not yet known. However, a fifth of participants 
with airflow obstruction had two or more exacerbations in the past 12 months. 
Almost everybody was exposed to biomass smoke, ¢ȱȱ¢ȱ ȱęȱ ȱ
poorly ventilated indoor cooking areas.11 Cigarette smoking was prominent in young 
men. Young women hardly smoked at all.11 In villages situated among tobacco-
growing ęelds, the leaves  ȱȱȱȱȱȱȱęȱ guarded by 
elderly people and young children.11 Most people—both children and adults—were 
also exposed to the pollutants from kerosene-based lighting, an under-rated risk factor 
for lung damage.27,28 We detected a strong correlation between age and the amount of 
biomass smoke exposure. However,  ȱ ȱ ȱ ȱ ȱ ěȱ  COPD 
prevalence in relation to biomass exposure because exposure was so common that 
we lacked a Ĝ number of unexposed people to act as a control group. By 
contrast with results from other large prevalence surveys, often done in urban areas 
with participants older than 40 years,3,6,29 age ȱ¡ȱ ȱȱę¢ associated 
with COPD in our survey. A major contributor to these results could be the low average 
life expectancy in Uganda.  
Our study had several limitations. Spirometry was not always done in an ideal 
environment; nevertheless, the results were evaluated in accordance with American 
Thoracic Society and European Respiratory Society criteria.6 Appropriate spirometry 
reference values from east Africans did not exist at the time of the survey. We used 
African and south Indian reference values from 1993.30 In Uganda, as in many 
countries in Africa, until at least a decade ago, registration births were often 
incomplete. People often knew their year of birth, but did not know their exact birth 
date (29% of participants reported being born on Jan 1). The diagnosis of COPD could 
ȱ Ĝȱ ȱ -Saharan Africa, where the prevalence of comorbid respiratory 
infections, such as tuberculosis, is high. However, the prevalence of tuberculosis was   
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Panel: Research in context 
Systematic review 
In 2011, a systematic review was done of the prevalence and ěect of asthma and chronic 
obstructive pulmonary disease (COPD) in sub-Saharan Africa.10 119 reports were 
ęed: 32 of asthma, 18 of COPD, 59 of indoor air pollution, and ten of primary care, 
with some overlap. The limited data showed that the burden of asthma and COPD was 
rising.2,10 These diseases had not been thought of as major health problems. Tobacco 
smoking was an important risk factor for COPD worldwide, but exposure to biomass fuel 
could be even greater in sub-Saharan Africa.9,10 In 2012, a qualitative survey was done in a 
rural district of Uganda to explore beliefs and attitudes about respiratory symptoms, use 
of biomass fuel, tobacco smoking, and use of health services.11 The lack of knowledge (the 
word “COPD” was totally unknown) created ěerent beliefs and attitudes about 
respiratory symptoms. Most people used biomass fuels to cook and were unaware of the 
damage to respiratory health caused by tobacco and biomass smoke. 
Interpretation 
In our study, the prevalence of spirometry-ęned COPD in people older than age 30 years 
was 16.2%. The prevalence was especially high (39%) in people aged 30–39 years. Whole 
families are exposed to biomass smoke, mainly caused by wood ęres in poorly ventilated 
cooking areas, starting at early age (even in utero). The high prevalence of COPD, especially 
in young people, suggests a hidden health problem and the potential for major 
consequences in the future. Our ęndings suggest that a major priority should be 
prevention of exposure by promotion of awareness of the harmful ěects of biomass fuel 
use and tobacco smoke in all communities, and among health-care workers and policy 
makers. 
Environmental toxins caused by biomass fuel, tobacco smoke, kerosene lamps, and 
occupational exposure should be controlled.5 Simple ventilation, including energy-saving 
stoves and retained-heat cookers, can greatly reduce air pollution. Education is needed for 
behavioural changes.5 Public health and clinical researchers should work together to 
improve knowledge of early detection, diagnosis, and treatment of COPD and to reduce 
the present and future burden of chronic lung disease on health systems. These 
interventions will ęt people at risk of all smoke-attributable morbidity and mortality, 
not just COPD. 
 
low in our study site so we could not detect any association with COPD. Likewise, we 
could not test for any association between HIV infection and COPD. In rural areas the 




COPD had a change in FEV1 of more than 12% and 200 mL after a bronchodilator; 
none of them were known to have asthma. 
By contrast with the FEV1 and FVC, which are ě by race and ethnic origin, the 
FEV1/FVC ratio is generally independent of ethnic group and therefore does not 
require specific reference values.23,24 Using GLI 2012 DataConversion software, we 
could define the lower limit of normal for the FEV1/FVC ratio with reasonable 
confidence without reference values for FEV1 and FVC.35 The lower limit of normal as 
a criterion made possible the identification of younger people with an airflow 
obstruction.  
Biomass smoke causes low birthweight and poor lung growth, inducing respiratory 
infections in early childhood ȱ ȱ ȱ ȱ ȱ ěȱ  adulthood, 
leading to decline of lung function, and substantially increasing the risk of COPD.6-9 
Tobacco smoke combined with exposure to smoke from biomass fuel might even have 
ȱȱěȱȱȱȱ COPD.6-9 
Further research is needed to understand the short-term and long-term ě of these 
risk factors, and their association in the early development of COPD. Particularly, the 
ȱȱĚ ȱobstruction over time needs to be better understood to discover 
what stage in life exposure causes most pulmonary damage. A new approach to 
prevention of lung disease is needed to combine education and support, to reduce 
exposures, and recognise and diagnose lung diseases at an early stage to minimise 
ȱěǯȱȱȱ also ȱȱěȱȱěȱ 
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Appendix 1: in addition to table 3, univariate analysis 
of the other results as risk factors for COPD
non-COPD (n=493) COPD (n=95) 
men women total men women total P value 
Gender 0.652 
246 (49.9%) 247 (51.1%) 45 (47.4%) 50 (52.6%) 
Age 0.219 
44.9 (13.1) 44.9 (14.0) 45.4 (12.5) 47.7(15.8) 
Symptoms 
cough 89 (18.1%) 29 (30.5%) 0.005 
40 (16.3%) 49 (19.8%) 15 (33.3%) 14 (28.0%) 
phlegm 102 (20.7%) 21 (22.1%) 0.756 
48 (19.5%) 54 (21.9%) 13 (28.9%) 6 (16.0%) 
wheeze 32 (6.5%) 16 (16.8%) 0.001 
16 (6.5%) 16 (6.5%) 9 (20.0%) 7 (14.0%) 
out of breath 31 (6.3%) 10 (10.5%) 0.139 
16 (6.5%) 15 (6.1%) 4 (8.9%) 6 (12.0%) 
MRC score 1.31 (0.59) 1.33 (0.66) 
1.23 (0.47) 1.39 (0.68) 1.31 (0.68) 1.34 (0.63) 
Tribal origin1 0.133 
Munyoro 240 (48.7%) 35 (31.8%) 
Alur 93 (18.9%) 22 (23.2%) 
Lugbara 70 (14.2%) 20 (21.1%) 
others 90 (18.3%) 18 (18.9%) 
Education 0.443 
none 97 (19.7%) 21 (22.1%) 
19 (7.7%) 78 (31.6%) 6 (13.3%) 15 (30.0%) 
primary 302 (61.3%) 56 (58.9%) 
162 (65.9%) 140 (56.7%) 27 (60.0%) 29 (58.0%) 
secndary 74 (15.0%) 17 (17.9%) 
52 (21.1%) 22 (8.9%) 11 (24.4%) 6 (12.0%) 
tertiary 20 (4.1%) 1 (1.1%) 
13 (5.3%) 7 (2.8%) 1 (2.2%) 0 
Admitted hospital2 60 (12.2%) 11 (11.6%) 0.871 
21 (8.5%) 39 (15.8%) 2 (4.4%) 9 (18.0%) 
Visit healthcentre2 365 (74.0%) 67 (70.5%) 0.478 
171 (69.5%) 194 (78.5%) 30 (66.7%) 37 (74.0%) 
Data are n (%) or mean (SD). COPD=chronic obstructive pulmonary disease.  
1 Masindi district has 46 tribes; Munyoro, Alur and Lugbara are the 3 main tribes 
2 admitted hospital or visit healthcare centre during the last 2 years  
ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱPrevalence of chronic obstructive pulmonary disease and associated risk factors 
75
Appendix 2: Screening Questionnaire 
Interviewer:             Date of screening: 
Name participant: ID number: 
Date of birth:  Age:        
Married:  ྅ yes  ྅ no Number of children alive……deceased…… 
Gender:  ྅ male ྅ female 
Weight:………………kg Length:……………cm BMI:……………. 




Occupation…………………………………..  Tribe:………………………………………. 
Village name:………………… Parish………………….County…………………………. 
Residence: ྅ rural ྅ urban ྅ sub urban 
Respiratory symptoms: 
Cough 
1a .Do you cough several times most days? ྅ yes ྅ no 
1b. If ‘yes’, when do you cough?  ྅ I wake up with cough 
྅ in the morning  
 ྅ during the day 
྅ during the night 
2. Is it a chronic cough?               ྅ yes ྅ no      ྅ not applicable 
3. Do you cough with exertion?  ྅ yes ྅ no       ྅ not applicable     
4. For how long have you been coughing? ………………years ….............months 
Sputum 
5a. Do you bring up phlegm or mucus on most days?   ྅ yes ྅ no 
5b. If ‘yes’, when do you bring up phlegm or mucus: ྅ first thing in the morning 
          ྅ during the day  
6. Do you have chronic phlegm?                  ྅ yes ྅ no 




8a. Do you wheeze or have any whistling on the chest? ྅ yes ྅ no 
8b. For how long do you wheeze or have any whistling in the chest? ……years 
9. Do you wake up with wheezing? ྅ yes ྅ no 
10. Have you been at all breathless when wheezing was present? ྅ yes ྅ no
Shortness of breath:  
11. Do you get out of breath more easily than others of your age? ྅ yes ྅ no
MRC breathlessness Scale 
12. Which of the following statements best describes your situation?
྅ 1 Not troubled by breathlessness except on strenuous exercise 
྅ 2 Short of breath when hurrying on the level or walking up a slight hill 
྅ 3 Walks slower than most people on the level, stops after a mile or so, or stops after 15 
minutes walking at own pace 
྅ 4 Stops for breath after walking about 100 yards or after walking a few minutes on level 
ground 
྅ 5 Too breathless to leave house, or breathless when undressing 
Exacerbation(s) 
13a. Did you have periods of increased breathing difficulty with increased cough 
with or without sputum during the last 12 months?   ྅ yes ྅ no 
13b. If ‘yes’, how many times did you have such a period during the last 12 months? 
     .…..….  times 
྅ not applicable 
Tobacco use: 
14a. Do you smoke? ྅ current smoker how many per day……………... 
྅ former smoker how many per day……………... 
            ྅ passive smoker    ྅ never smoker 
14b. If you currently smoke or have smoked, how many years?……………..years    
14c. Which products: ྅ cigarettes ྅ cigars          
 ྅ pipes             ྅ snuff          
 ྅ chewing tobacco ྅ water pipe
 ྅cannabis  ྅leaves 
 ྅ local tobacco products, name: ………………………….. 
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Biomass fuel use 
15. ྅ indoor biomass fuel smoke:   years of exposure ……….
16. ྅ outdoor biomass fuel smoke: years of exposure ………. 
17. Do you have a chimney in your kitchen? ྅ yes ྅ no 
18a. Do you burn wood?  ྅ yes ྅ no 
18b. Do you burn animal dung?  ྅ yes ྅ no 
18c. Do you burn LPG?  ྅ yes   ྅ no 
18d. Do you burn grass?  ྅ yes ྅ no 
18e. Do you burn crop residues?  ྅ yes ྅ no 
18f. Do you burn natural gas?  ྅ yes   ྅ no 
18g. Do you burn charcoal? ྅ yes ྅ no 
18h. Do you burn kerosene? ྅ yes ྅ no 
18i. Do you use electricity? ྅ yes   ྅ no 
19. Time spent cooking indoor …..……hours/day 
20. Time spent cooking outdoor ………..hours/day 
21. Do you use biomass fuel for heating? ྅ yes   ྅ no 
22. Where do you sleep? ྅ same room as kitchen
྅ separate room but in the same house as the kitchen 
྅ separate house from the kitchen 
Tuberculosis 
23. Did you ever have tuberculosis? ྅ Yes, I have active TB now. 
྅ Yes, I had TB in the past but was treated 
and I am cured now. 
྅ No, I never had TB 
྅ I don’t know 
24a. Is documentation about your TB present? ྅ yes ྅ no       ྅ not applicable   
24b. if ‘yes’, the documentation is a ྅ a TB card 
྅ a TB discharge card 
྅ lab reports 
྅ others………………………………… 




25. Did you (recently?) have a cold gone to the chest: ྅ yes ྅ no 
26a. Do you have allergies: ྅ yes ྅ no 
26b. Which allergies do you have?
………………………………………………………………………………………………… 
27. How often do you have a chest infection: ྅ more than 2 per year?
྅ 1 or 2 per year 
྅ none 
28. Do you receive treatment for breathing problem? ྅ yes ྅ no 
29. Did you have pulmonary problems in childhood? ྅ yes ྅ no 
30. What respiratory diagnosis did you receive in the past?
…………………………………………………………………………………………………………………... 
Comorbidity 
31. Do you have heart Disease? ྅ yes ྅ no 
32. Do you have HIV/AIDS? ྅ yes ྅ no  ྅ I don’t know 
33. Do you have other comorbidities? ྅ yes ྅ no
34. Please describe any other comorbidities:……………………………………………………………….. 
…………………………………………………………………………………………………………………… 
Medication:  
35a. Do you use medication? ྅ yes ྅ no 
35b. What is de name of the medication that you use?....................................................... 
…………………………………………………………………………………………………
………………………………………………………………………………………………… 
36a. Were you admitted to hospital during the last 2 years? ྅ yes ྅ no 
36b. If you were admitted, please describe for what 
reason(s)……………………………………………………………………………………… 
………………………………………………………………………………………………… 
36c. If you were admitted, please describe how often this happened during the last 2 
years: …………………………………………………………………………………………. 
.................................................................................................................................................... 
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37a. Did you visit health centers during the last 2 years? ྅ yes ྅ no 
37b. If you did, please describe for what reason(s) 
………………………………………………………………………………………………… 
………………………………………………………………………………………………… 




preBD:    FVC……Lt (………%)  ſǳǳǳȱǻǳǳƖǼȱſȦȱǳǳǳ. 
postBD: FVC……Lt (………%)  ſǳǳǳȱǻǳǳƖǼȱſȦȱǳǳǳ 
Reversibility…………%. 
39. CCQ score: Total score ……………………… 
Symptom score (number 1, 2, 5 and 6) …..…….. 
Mental state score (number 3 and 4) ………….. 
Functional state score (number 7, 8, 9 and 10)   …..……… 
Diagnosis ྅ COPD,  GOLD stage……….without reversible component 
྅ COPD, GOLD stage………..with reversible component         
྅ asthma 
྅ no objective evidence of obstructive lung disease 
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In Uganda, biomass smoke seems to be the largest risk factor for the development of 
COPD, but socioeconomic factors and gender may play a role. Therefore, more in-
depth research is needed to understand the risk factors. 
The aim of this study was to investigate the impact of socioeconomic factors and 
gender differences on the COPD prevalence in Uganda. 
The population comprised 588 randomly selected participants (> 30 years) who 
previously completed the FRESH AIR Uganda study. In this post hoc analysis, the 
impact of several socioeconomic characteristics, gender and smoking on the 
prevalence of COPD was assessed using a logistic regression model. 
The main risk factors associated with COPD were non-Bantu ethnicity (odds ratio (OR) 
1.73, 95% confidence interval (CI) 1.06-2.82, P=0.030), biomass fuel use for heating (OR 
1.76, 95% CI 1.03-3.00, P=0.038), former smoker (OR 1.87, 95% CI 0.97-3.60, P=0.063), 
and being unmarried (OR 0.087, 95% CI 0.93-2.95, P=0.087). 
A substantial difference in the prevalence of COPD was seen between the two ethnic 
groups: non-Bantu 20% and Bantu 12.9%. Additional analysis between these two 
groups showed significant differences in socioeconomic circumstances: non-Bantu 
smoked more (57.7% vs 10.7%), lived in tobacco-growing areas (72% vs 14.8%) and 
were less educated (28.5% vs 12.9% had no education). 
With regards to gender, men with COPD were unmarried (OR 3.09, 95% CI 1.25-7.61, 
P=0.015) and used more biomass fuel for heating (OR 2.15, 95% CI 1.02-4.54, P=0.045), 
and women with COPD were former smokers (OR 3.35, 95% CI 1.22-9.22, P=0.019). 
Only a few socioeconomic factors (i.e. smoking, biomass fuel use for heating, marital 
status and non-Bantu ethnicity) have been found to be associated with COPD. This 
applied for gender differences as well (i.e. for men, marital status and biomass fuel for 
heating, and for women former smoker). More research is needed to clarify the 
complexity of the different risk factors. 
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Chronic obstructive pulmonary disease (COPD) is a major health problem in low- and 
middle-income countries (LMICs).1  In 2010, COPD was the fourth cause of death 
globally, and it was expected to be the third by 2025.2,3 Unfortunately, the prediction 
has been overtaken by reality: at this moment COPD is the third leading cause of 
mortality worldwide.4,5 Approximately 90% of COPD deaths occur in LMICs.6 Despite 
these high numbers, COPD is an unknown disease in most of the rural areas of sub-
Saharan Africa, both in terms of public awareness and in public health planning. The 
people are unaware of the potential damage to respiratory and non-respiratory health 
caused by tobacco and biomass smoke.7-9 Biomass fuel use is the third largest 
contributor to the global burden of disease.10 
Although the development of COPD is multifactorial, biomass smoke is probably the 
largest risk factor for COPD in LMICs.11-13 Worldwide, around 3 billion people, most 
of them living in LMICs, rely on the use of open fires and burning of biomass fuels 
(wood, animal dung, crop residues, straw, and charcoal) for cooking and heating in 
poorly ventilated conditions.14 Solid fuel burning is incomplete and produces high 
levels of household air pollution with a range of more than 250 health-damaging 
pollutants, including carbon monoxide, nitrogen and sulphur oxides, as well as a 
variety of pollutants, irritants, carcinogens, co-carcinogens, and free radicals.12,13,15  
Until recently, data on the prevalence of COPD, the risk factors and socioeconomic 
determinants in LMICs were scarce.9,16,17 In 2012, a prospective cross-sectional 
observational study (FRESH AIR Uganda) was conducted to assess the prevalence of 
COPD and its risk factors in a rural district of Uganda. Among adults above the age of 
30 years, the prevalence of spirometry-based COPD was 16.2% (52.6% women), as 
defined according to the methods used in FRESH AIR Uganda.18 The prevalence of 
COPD was remarkably high (39%) among adults aged 30-39 years, both for men (37%) 
and for women (40%). In addition to tobacco smoking, particularly by young men, 
more than 90% of the participants were exposed to smoke caused by biomass fuel use.18  
The FRESH AIR Uganda study was conducted in rural Masindi district (population 
350,000) of Uganda, a low-income country with an average life expectancy of 52 years 
(men 48 and women 57).19 Masindi district is one of the poorest districts of Uganda, 
where the poverty line ($1.25 a day) is consistently above 40%.19 Poverty is known to 
be a risk factor for COPD, but the socioeconomic factors that contribute to this are 
unclear, particularly in LMICs.3,20 The socioeconomic status (SES) is an important 
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determinant of overall health status.17 In contrast with poverty, which is often 
quantified as a minimum level of income to meet the basic needs of life, SES is defined 
as an individual overall position or standing, and it can be indicated by a compilation 
of measurements including income, as well as education, employment, location of 
residence, cooking tradition, biomass fuel use, and housing.21 Using the data of FRESH 
AIR Uganda, we performed a post hoc analysis to examine the association of 
socioeconomic factors, gender and smoking  with COPD.   
 
Materials and Methods 
The FRESH AIR Uganda study 
The intended sample size of the FRESH AIR Uganda study, was 600 participants, 
determined to give an acceptable degree of reliability in estimating the prevalence of 
spirometry-based COPD.22 Eventually, 588 randomly selected participants were asked 
about their living circumstances and exposure to risk factors.18 A screening 
questionnaire assessed gender, tribal and ethnic origin, education, living conditions, 
occupation, biomass fuel use, tobacco smoking, symptoms, MRC dyspnoea score and 
chest infections.18 A household air pollution questionnaire gave information on type 
and place of cook stoves, type of fuels, preparation of meals, time activity pattern, and 
cooking during pregnancy. Both questionnaires were developed from different 
validated questionnaires, and were pre-tested and completed during a face-to-face 
interview.18 Subsequently, to assess COPD prevalence, pre- and post-bronchodilator 
spirometry was performed by well-trained local healthcare workers.18 The study used 
the lower limit of normal threshold, i.e., participants below the fifth percentile of the 
predicted FEV1/FVC ratio, as the defining criterion of COPD to avoid under-diagnosis 
in young participants and over-diagnosis in older participants.23,24  
The study was approved by the Makerere University School of Medicine Ethics 
Committee and the Uganda National Council for Science and Technology (HS 2012-
1142). All participants signed an informed consent form, or in case of illiteracy, thumb-
printed and signed by the village leader. More details about the study participants, 
study procedure and COPD diagnosis of FRESH AIR Uganda, are reported 
elsewhere.18  
Socioeconomic status, ethnicity and tobacco smoking  
FRESH AIR Uganda measured the SES using education, employment, location of 
residence, exposure to household air pollution, cooking tradition, sleeping and 
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cooking areas as variables. Furthermore, we also included variables such as gender, 
ethnicity and tobacco smoking to capture possible inequalities within communities. 
Ethnicity was defined as Bantu speaking versus non-Bantu speaking based on 
linguistic grouping of the 55 tribes living in Masindi district.25-27 
Statistical methods 
Demographic and socioeconomic characteristics of subjects with and without COPD 
were compared using chi-square tests for categorical variables, Student’s t-test for 
normally distributed continuous variables, and Mann-Whitney U-tests for non-
normally distributed variables.  
The association between socioeconomic factors and COPD was assessed using a 
multivariable logistic regression model adjusted for age, gender, and smoking habits. 
Socioeconomic factors were selected using backward selection, and the final model 
retained all socioeconomic variables with a P value < 0.1). The socioeconomic factors 
tested were marital status, biomass fuel use for cooking (indoors and outdoors), 
biomass fuel use for heating, ethnicity, education, employment, village in tobacco-
growing area and sleeping area. The analyses were also stratified for gender to assess 
risk factors for COPD in men and women separately. P values < 0.05 were considered 
as statistically significant, and P values of 0.05-0.10 as trends. We did the statistical 





Of the 588 participants, 95 (16.2%) were classified as having spirometry-based COPD 
and 493 (83.8%) as non-COPD (Table 1). Wood was used as main domestic fuel by 558 
(94.9%) participants; grass was used by 534 (91%) participants, and crop residues were 
used by 501 (85.2%) participants; they were applied to light the fire. With regards to 
their cooking place, 490 (83.3%) participants cooked in a separate building as kitchen.  
Participants with COPD coughed and wheezed more than without COPD, particularly 
among men (all P-values < 0.007). There were no significant differences in age and 
gender between participants with and without COPD. More than 90% of the 
participants had at least one chest infection a year. More details are depicted in Table 
1.  
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Non-COPD COPD P value 
total men women total men women total men women 
Population 493 (83.8%) 246 (49.9%) 247 (50.1%) 95 (16.2%) 45 (47.4%) 50 (52.6%) 
Age 44.9 (13.5) 44.9 (13.1) 44.9 (14.0) 46.6 (13.9) 45.5 (11.5) 47.7 (15.5) 0.258 0.793 0.211 
Cough 89 (18.1%) 40 (16.3%) 49 (19.8%) 29 (30.5%) 15 (33.3%) 14 (28.0%) 0.005 0.007 0.198 
Phlegm 102 (20.7%) 48 (19.5%) 54 (21.9%) 21 (22.1%) 13 (28.9%) 8 (16.0%) 0.756 0.155 0.352 
Wheeze 32 (6.5%) 16 (6.5%) 16 (6.5%) 16 (16.8%) 9 (20.0%) 7 (14.0%) 0.001 0.003 0.070 
Chest infections 0.381 0.007 0.541 
  none 50 (10.1%) 30 (12.2%) 20 (8.1%) 9 (9.5%) 4 (8.9%) 5 (10.0%) 
1-2 per year 272 (55.2%) 134 (54.5%) 138 (55.9%) 46 (48.4%) 15 (33.3%) 31 (62.0%)
> 2 per year 171 (34.7%) 82 (33.3%) 89 (36.0%) 40 (42.1%) 26 (57.8%) 14 (28.0%)
Data are N (%) or mean (SD); COPD: chronic obstructive pulmonary disease 
Table 1: Comparison of symptoms between non-COPD and COPD participants and within 
gender 
Socioeconomic factors, ethnicity, and tobacco smoking as determinants of COPD 
Participants with COPD were more often active or former smokers compared to 
participants without COPD (P = 0.046), they used more biomass fuel for heating (P = 
0.035) and they were more often of non-Bantu ethnicity (P = 0.020); a trend was shown 
for being unmarried (P = 0.055). No other significant differences in socioeconomic 
factors were found between subjects with and without COPD (Table 2).  
In the multivariable logistic regression model on the presence of COPD (Table 3), 
significant associations were found with biomass fuel use for heating (odds ratio (OR) 
1.76, 95% confidence ratio (CI) 1.03-3.00, P = 0.038) and non-Bantu ethnicity (OR 1.73, 
95% CI 1.06-2.82, P = 0.030). Borderline significant associations were found with being 
unmarried (OR 1.66, 95% CI 0.93-2.95, P = 0.087) and being a former smoker (OR 1.87, 
95% CI 0.97-3.60, P = 0.063). No significant associations between the presence of COPD 
and educational level, employment, village in tobacco-growing areas, time cooking 
indoors or outdoors, sleeping area, and cooking area were found. 
Risk factors for COPD stratified by gender 
The logistic regression models on the presence of COPD stratified by gender showed 
for men an association with being unmarried (OR 3.09, 95% CI 1.25-7.61, P = 0.015) and 
biomass fuel use for heating (OR 2.15, 95% CI 1.02-4.54, P = 0.045), and for women an 
association with former smoker (OR 3.35 (95% CI 1.22-9.22, P = 0.019) (Table 3). 
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total non-COPD COPD P value 
Gender 0.652 
men 291 (49.5%) 246 (49.9%) 45 (47.4%) 
women 297 (50.5%) 247 (50.1%) 50 (52.6%) 
Unmarried 0.055 
yes 113 (19.2%) 88 (17.8%) 25 (26.7%) 
Biomass fuel use indoors 0.335 
yes 546 (92.9%) 460 (93.3%) 86 (90.5%) 
Biomass fuel use 
outdoors 0.704 
yes 544 (92.5%) 457 (92.7%) 87 (91.6%) 
Biomass fuel for heating 0.035 
yes 104 (17.7%) 80 (16.2%) 24 (25.5%) 
Smoking 0.046 
active 122 (20.7%) 98 (19.9%) 24 (25.3%) 
former 87 (14.8%) 67 (13.6%) 20 (21.1%) 
none 379 (64.5%) 328 (66.5%) 51 (53.7%) 
Ethnicity 0.020 
non-Bantu 270 (45.9%) 216 (43.8%) 54 (56.8%) 
Bantu 318 (54.1%) 277 (56.2%) 41 (43.2%) 
Education 0.433 
none 118 (20.1%) 97 (19.7%) 21 (22.1%) 
primary 358 (60.9%) 302 (61.3%) 56 (58.9%) 
secondary 91 (15.5%) 74 (15.0%) 17 (17.9%) 
tertiary 21   (3.6%) 20   (4.1%) 1    (1.1%) 
Employment 0.585 
farmers 441 (75.0%) 370 (75.1%) 71 (74.7%) 
business 43    (7.3%) 37   (7.5%) 6   (6.3%) 
teachers 16    (2.7%) 15   (3.0%) 1   (1.1%) 
others 69 (11.7%) 57 (11.6%) 12 (12.6%) 
unemployed 19   (3.2%) 14   (2.8%) 5   (5.3%) 
Village tobacco-growing area 0.249 
yes 241 (41.0%) 197 (40.0%) 44 (46.3%) 
Sleeping area 0.711 
same room as kitchen 44   (7.5%) 35 (7.1%) 9 (9.5%) 
separate room 54   (9.2%) 45 (9.1%) 9 (9.5%) 
separate house 490 (83.3%) 413 (83.8%) 77 (81.1%) 
Data are N (%); COPD: chronic obstructive pulmonary disease 
Table 2: Comparison of socioeconomic and risk factors between non-COPD and COPD 
participants 
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All Subjects Men Women 
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P Value 
Age (years) 1.01 (0.99-1.02) 0.485 1.01 (0.98-1.04) 0.559 1.00 (0.98-1.03) 0.886 
Gender women 1 (reference) 
men 0.74 (0.44-1.26) 0.269 
Unmarried no 1 (reference) 1 (reference) 
yes 1.66 (0.93-2.95) 0.087 3.09 (1.25-7.61) 0.015 
Biomass fuel for heating 
no 1 (reference) 1 (reference) 
yes 1.76 (1.03-3.00) 0.038 2.15 (1.02-4.54) 0.045 
Smoking 
never 1 (reference) 1 (reference) 1 (reference) 
active 1.57 (0.84-2.92) 0.156 1.53 (0.68-3.45) 0.310 1.27 (0.40-4.04) 0.692 
former 1.87 (0.97-3.60) 0.063 1.51 (0.61-3.72) 0.375 3.35 (1.22-9.22) 0.019 
Ethnicity 
Bantu 1 (reference) 1 (reference) 
non-Bantu 1.73 (1.06-2.82) 0.030 1.94 (0.94-4.03) 0.075 
OR: odds ratio; 95% CI:  95% confidence interval 
Table 3: Results of multivariable analysis of risk factors for COPD for all subjects and 
stratified by gender 
Cooking tradition as COPD determinant 
There were no significant differences between non-COPD and COPD participants 
concerning the cooking data, including exposure to biomass smoke (hours per day and 
number of years), and sleeping area. There were similarly no significant differences 
between cooking data as risk factors and COPD prevalence.  
Discussion 
Main findings 
The main risk factors associated with the COPD found during the FRESH AIR survey 
were being of non-Bantu ethnicity and biomass fuel use for heating; a trend was found 
with former smokers and the marital status. An association with biomass fuel use for 
cooking, both indoors and outdoors, was not found, as almost everybody used 
biomass fuel for cooking. The other tested socioeconomic factors also did not differ 
between subjects with and without COPD. Among men, a risk factor for COPD was 
being unmarried and the use of biomass fuel for heating; a borderline risk factor was 
being of non-Bantu ethnicity. Among women, being a former smoker was a risk factor 
for COPD.  
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Interpretation of findings in relation to previously published work  
Participants with COPD were more often active or former smokers compared to 
participants without COPD and used more biomass fuel for heating (P values 0.046 
and 0.035 respectively). This is well-known from the literature.3,12 However, it was 
striking to see in the multivariable analysis that former smoking, and not active 
smoking, was borderline associated with a higher prevalence of COPD. This was 
particularly true for women, whereas in men no association was found at all. These 
findings were not confirmed by other studies. A possible explanation for this could be 
the so-called ’healthy smoker effect’.28 This refers to the fact that people who quit 
smoking often do this motivated by smoking-related symptoms, leaving the less 
suffering and relatively healthy group still smoking. In our study this was only seen 
in women. In Ugandan men, the decision to quit smoking is probably not related to 
health- or smoking-related symptoms, but it may be influenced by other factors (e.g. 
cultural factors) that need to be discovered.  
In addition, tobacco smoke potentiates the detrimental effects of biomass smoke.11,29,30; 
active smokers, who are also exposed to biomass smoke, have an increasing the risk of 
airflow obstruction.31,32 Given that almost every participant in our study was exposed 
to biomass fuel used for cooking, this variable could not be investigated. However, the 
use of biomass fuel for heating was significantly associated with the prevalence of 
COPD, especially in men. This indicates that biomass fuel use is indeed an important 
risk factor for COPD.  
For men, being unmarried seemed to increase the risk of developing COPD. This could 
be explained by the fact that married men are less exposed to biomass fuel for cooking, 
as women in Uganda, and probably other countries of sub-Saharan Africa, have the 
responsibility for domestic cooking.7,33 Although women were more exposed to 
biomass smoke (both number of years and hours per day), no association with COPD 
was found. However, during cooking, women and perhaps unmarried men have 
several periods of intense exposure to biomass smoke each day, particularly when fires 
are started or stirred.7,33 More research is needed to understand the individual 
exposure to household air pollution, as the exposure is spatially and temporally highly 
variable.34 For men, the biomass fuel exposure for heating increased the chance of 
COPD: the context of this finding is not clear yet.  
A substantial difference in the prevalence of COPD was seen between the two ethnic 
groups: the prevalence of COPD among non-Bantu was 20% (20.3% men and 19.7% 
women) and among Bantu 12.9% (10.5% men and 14.9% women). Interestingly, 
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additional analyses showed substantial differences between the two ethnic groups in 
SES.  Bantu refers to a primarily large and complex linguistic grouping of people in 
Africa. Their cultural pattern is extremely diverse and they are the more prosperous. 
They occupy the southern and western parts of Uganda.19,25 In general, non-Bantu 
people are the poorer ethnic group, and they inhabit a geographical area stretching 
semi-arid eastern and northern parts of Uganda.19,25 Compared with the Bantu people, 
non-Bantu smoked more (57.7% vs 10.7%, P < 0.001)) , were less educated (no 
education 28.5% vs 12.9%, particularly women: 51.6% vs 17.1%, P < 0.001), and lived 
more in tobacco-growing areas (72.0% vs 14.8%, P < 0.001). After adjustment for these 
socioeconomic factors in the multivariable model, the association between ethnicity 
and COPD remained significant, in contrast to the single socioeconomic risk factors 
(tobacco smoking, education and living in tobacco-growing areas).  An explanation for 
this could be that ethnicity was associated with a combination of all these 
socioeconomic factors, and that this combination was more important than any single 
factor. As such, ethnicity could be seen as a variable indicating SES. However, other 
unmeasured factors, such as lifestyle, cultural, or genetic factors, that differ between 
the ethnic groups could also explain this association between COPD and ethnicity. 
Further research is necessary to confirm this.  
Strengths and limitations of this survey 
FRESH AIR Uganda was one of the first observational surveys on the prevalence of 
COPD performed in a rural area of sub-Saharan Africa. The survey used well-trained 
local healthcare workers and was performed in thirty villages, randomly selected with 
a probability proportional to their size.18 The sample size was relative small, but had 
enough power to detect differences in COPD prevalence between men and women in 
Masindi district. However, it was not powered to detect significant differences in 
COPD prevalence among other sub-groups (e.g. ethnicity or occupational groups).  In 
addition, it was not possible to detect a difference in COPD prevalence associated with 
exposure to biomass smoke, as the exposure was almost uniform in this rural area.18 
Finally, this study was a post hoc analysis, and the results need caution with 
interpretation. Further, properly designed prospective studies are needed to confirm 
our findings.  
Implications for future research, policy and practice 
Tobacco smoking is known to be a major cause of COPD, but recent literature has 
shown that the use of biomass fuels for cooking and heating is an important risk factor 
as well, particularly in LMICs.12,13 A person living in a rural area of sub-Saharan Africa 
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is exposed to a variety of other risk factors for the development of COPD during all 
stages of life: perinatal factors (maternal exposure to biomass smoke or tobacco smoke, 
low birth weight and pre-term birth), childhood exposure (respiratory tract infections, 
exposure to biomass smoke, childhood asthma, second-hand smoking, occupational 
exposure, poor nutrition and kerosene-based lamps) and adult exposure (occupational 
exposure, agricultural smoke, exposure to biomass smoke, cigarette smoking, second-
hand smoking, kerosene-based lamps, and outdoor air pollution).35-37 More 
information is needed to understand the full extent and influence of these risk factors.  
Low socioeconomic circumstances such as poverty are associated with most of these 
risk factors, as well as poor access to health care, poor living conditions and water 
supply/sanitation. All these factors may cause health effects (intrauterine growth 
restriction, malnutrition, respiratory tract infections) and therefore increase the risk of 
developing COPD.3,17,20,38-40 The influence of socioeconomic factors is therefore very 
complex: more research is needed to identify these partly modifiable risk factors on 
the development of COPD.17,39,40  
The general lack of knowledge leads to failure to make simple steps in avoiding 
exposure to biomass smoke.35,41 The nature of the communities also determines the 
health-seeking behaviour, both traditional (local herbs) and western (dispensaries and 
health centers), most of the time with a lack of successful results and not addressing 
the problem of exposure.7 Reduction of tobacco smoking and exposure of biomass 
smoke, as well as second-hand tobacco smoke, smoke from kerosene lamps, and 
occupational air pollution, are major controllable factors to tackle the burden of COPD. 
Public awareness and control of (household) environment are important steps in 
preventing respiratory and non-respiratory diseases.41 More research is vital, with 
prospective studies and a larger sample size, to perform further comparisons among 
the sub-groups, and to understand the impact of COPD and other (non)-respiratory 
diseases. 
Conclusions 
The risk factors for the development of COPD in Masindi district of Uganda are 
complex. Although tobacco smoking remains an important cause of COPD, almost 
everybody in this district, and probably in many other rural areas of sub-Saharan 
Africa, is exposed to biomass smoke and other risk factors. Only a few socioeconomic 
factors have been found to be significantly associated with COPD (biomass fuel use 
for heating and non-Bantu ethnicity); for others, a trend was found (former smoker 
and marital status). This applied for gender differences as well (i.e., marital status and 
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biomass fuel for heating for men, and former smoker for women). Between the two 
ethnic groups of Masindi district in Uganda, a difference in the prevalence of COPD 
was found, that could possibly be explained by the combination of several 
unfavourable socioeconomic circumstances in the non-Bantu people. Research is 
needed to elucidate the complexity of the different risk factors in the development of 
COPD. Any intervention to reduce the incidence of COPD must combine raising 
awareness about the damaging effects of biomass fuel use and tobacco smoking, with 
clean-cooking solutions and tobacco smoking cessation to support at risk 
communities. Researchers, policymakers and government, stakeholders, health 
professionals and communities will have to work together to control the growing 
burden of COPD, and start prevention and intervention programmes. 
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The main aim of the work presented in this thesis was to evaluate the burden of chronic 
obstructive pulmonary disease (COPD) in a low-income country of sub-Saharan 
Africa. The first section of this chapter interprets the main findings and discusses the 
impact that COPD has on the community. The second section offers suggestions for 
future studies to further elucidate the burden of COPD in low and middle-income 
countries (LMICs). The third section discusses how to prevent, treat and deal with the 
silent growth of COPD in LMICs. The final section presents the conclusions emerging 
from this body of work. 
 
SECTION A: RESEARCH IN SUB-SAHARAN AFRICA 
Main findings 
The review in Chapter 2 presents published data on the prevalence of asthma, COPD 
and respiratory risk factors in sub-Saharan populations. Unfortunately, data on COPD 
and related risk factors are either 
scarce or not available for most 
countries of sub-Saharan Africa. In 
those lands, the term ‘COPD’ is 
generally unfamiliar to both the 
public and healthcare 
professionals. Although tobacco 
smoking is traditionally 
considered to be the primary factor 
responsible for the development of 
COPD, there is growing evidence 
for the detrimental health effects of 
biomass smoke in LMICs. For example, up to 90% of rural households in sub-Saharan 
Africa rely on unprocessed biomass fuels for cooking and heating, and most often they 
are burned in inefficient types of stoves. Biomass fuel consists of any material derived 
from plants or animals which are deliberately burned by humans. The strongest 
documented associations with exposure to biomass smoke are acute respiratory 
infections in young children and COPD.1-4 However, many people are still unaware of 
the damage to health caused by biomass fuel use which, disproportionally, affects 
women and children. The still limited but somewhat improved latest data clearly 
indicate that the burden of COPD in sub-Saharan Africa is rising. 




Chapter 3 provides insight into the ways individuals and communities of a rural 
district in Uganda cope with respiratory symptoms and the different risk factors, such 
as tobacco smoking and biomass fuel use (the FRESH AIR Uganda pilot study). 
Although respiratory symptoms among men, women and children are very common 
in this area of Uganda, knowledge on chronic respiratory diseases is poor: the term 
‘COPD’ is entirely unknown in this district, even among healthcare providers. This 
lack of knowledge has also created different beliefs and attitudes towards respiratory 
symptoms, sometimes resulting in cases of stigmatisation. The majority of the 
community cooks indoors, using wood as a solid fuel in an open fire. Societal roles are 
mostly determined by gender, with the result that women are much more exposed to 
biomass smoke than men, as they are responsible for all the household chores. 
Unfortunately, only a few people are aware of the relation between smoke exposure 
and respiratory health, leading to extensive exposure to mostly biomass smoke. 
Chapter 4 presents the results of the observational survey in Masindi district of 
Uganda. The FRESH AIR Uganda survey is one of the first to focus on the prevalence 
of COPD in a rural area of a sub-Saharan 
country. Of the 588 participants aged over 
30 years, the prevalence of COPD was 
16.2%, with the ‘lower limit of normal’ 
used as the defining criterion of an airway 
obstruction.  It is interesting to note that 
39% of the participants with COPD were 
aged 30 to 39 years (37% of men and 40% of 
women). COPD caused by tobacco 
smoking generally starts over the age of 40 
years. Of those participants with COPD, 
45% of the men were current smokers 
whereas only 8% of the women were 
current smokers. Almost everybody in this 
area is life-long exposed to biomass smoke 
(91% of men and 95% of women), mainly caused by the firewood that is used for 
cooking in poorly-ventilated cooking areas; moreover, this exposure starts at an early 
(childhood) age. Thus, in addition to a high smoking prevalence among men, biomass 
smoke could also be a significant health threat to men and women in rural areas of 
Uganda.  
Image 2: cooking indoors in an open fire with 




Using data from the FRESH AIR Uganda survey, Chapter 5 presents a post-hoc analysis 
of the association between socioeconomic factors, gender and smoking, and COPD. 
However, it is not possible to detect a difference in the prevalence of COPD in relation 
to biomass exposure for cooking (both indoors and outdoors), because almost 
everyone uses biomass fuel. Only a few risk factors have been identified that are 
significantly associated with COPD: i.e. being of non-Bantu ethnicity, and biomass fuel 
use for home heating; in addition, a trend was found for former smokers, and being 
unmarried. The association also applies for differences between genders: i.e. being 
unmarried, and use of biomass fuel for home heating for men, and being a former-
smoker for women. Of the two ethnic groups of this district in Uganda (Bantu are the 
most prosperous and non-Bantu are the poorer group), there is a higher prevalence of 
COPD among the non-Bantu people. This might be explained by the combination of 
several unfavourable socioeconomic circumstances among these people, even in one 
of the poorest districts of Uganda. As such, ethnicity can be seen as a variable 
indicating the socioeconomic status.  
Interpretation of the findings  
In sub-Saharan Africa, chronic respiratory disease and its risk factors, such as 
household air pollution, tobacco smoking, occupational exposure, severe childhood 
respiratory infections, and tuberculosis (TB), receive insufficient attention from the 
healthcare community, government officials, patients and their families, as well as the 
media.5 Diagnostic tests such as handheld spirometry and even peak flow 
measurements are only scarcely available. Inhaled medication, which is included in 
the World Health Organization’s (WHO) Model List of Essential Medicines, is often 
not available or not affordable, particularly in rural areas. Treatment for chronic 
conditions (like COPD) is focused on the ad-hoc treatment of acute exacerbations 
instead of long-term disease management, including adjustment of lifestyle factors 
and prevention of exacerbations.6 The disease ‘COPD’ is non-existent: not only in the 
Health Sector Strategic Plan III 2010-2015, published by the Ministry of Health in 
Uganda in 2010, but also in the Uganda Clinical Guidelines 2012, published by the 
Ministry of Health.7 Thus, COPD seems to be a neglected disease in Uganda, and this 
situation may apply to many other sub-Saharan countries. The framework of the 
Package of Essential Noncommunicable (PEN) disease interventions, and the Practical 
Approach to Lung Health (PAL), both developed by the WHO, did not work out for 
chronic respiratory diseases in Uganda.8,9 
Chapter 6
100
Tobacco smoking is traditionally seen as the main factor responsible for the 
development of COPD. However, 
indoor air pollution caused by use of 
biomass fuel for cooking and heating, 
is also established as an independent 
risk factor for COPD.10-12 Worldwide, 
more than 3 billion people (mostly 
from LMICs) rely on the use of open 
fires and simple burning of biomass 
fuels (wood, animal dung, crop 
residues, straw, and charcoal) for 
cooking and heating. People living in 
poverty are unable to afford clean, efficient cooking practices, and have the greatest 
exposure to household air pollution. In Uganda, most rural communities (and 
probably many other sub-Saharan countries) cook indoors, using the traditional 
cooking fireplace with three rocks to support the pot or griddle. These solid fuels are 
burned with inefficient combustion and poor ventilation, leading to extremely high 
levels of indoor pollution.11,12 Although tobacco smoking is an established risk factor 
worldwide, exposure to biomass smoke may even be greater; moreover, their effects 
may be additive.13 
Exposure to household air pollution is associated with a wide range of health-
damaging outcomes.11,12,14 The smoke from biomass fuel use contains more than 250 
health-damaging pollutants (including carbon monoxide, nitrogen and sulphur 
oxides) as well as a variety of pollutants, irritants, carcinogens, co-carcinogens and free 
radicals. These include significant amounts of particulate matter (PM), of which the 
smallest particles (mean aerodynamic diameter of particles < 2.5 μg, PM2.5) can 
penetrate deep into the lungs to the alveolar spaces.11,12 There is evidence that biomass 
smoke increases the risk of pneumonia in children under age 5 years, and COPD in 
adults aged over 30 years, as well as the risk of heart disease, eye disease (e.g. cataract), 
low birthweight and lung cancer (in relation to coal use).11,12,14 In 2010 the WHO 
reported that COPD was the fourth cause of death globally, and was expected to be 
third by 2030.15 Unfortunately, this prediction has been overtaken by reality: currently, 
COPD is the third leading cause of mortality worldwide.16,17 Approximately 90% of 
COPD deaths occur in LMICs.17 In 2012 the WHO released its estimates of the global 
burden of diseases from household air pollution: among the 4.3 million people a year 
that died prematurely from illnesses attributable to household air pollution, 12% of 
Image 3: lack of ventilation causes exposure to 




the deaths were due to pneumonia, 34% from stroke, 26% from ischaemic heart 
disease, 22% from COPD, and 6% from lung cancer.18  
In this district in Uganda, among the healthcare workers knowledge on chronic 
respiratory diseases and their risk factors was limited; moreover, COPD was 
completely unknown. A frequently 
mentioned diagnosis at a health 
centre was ‘TB negative’; this 
indicated that no cause was found for 
a person with respiratory symptoms 
and, therefore, there was no 
possibility to offer therapeutic 
options. Spirometry and inhaled 
medication were not available. If a 
person in Masindi district did in fact 
have COPD, the diagnosis would not 
be known and that individual would accept the symptoms as ‘part of life’. The person 
would have no idea about the various risk factors and would probably use some form 
of treatment with local herbs or ask help from the traditional healers; medication from 
a private dispensary would often be too costly to purchase.6 During the qualitative 
study, several women mentioned the addiction of tobacco smoking, and they seemed 
to have more understanding about the damaging effects of tobacco smoking.6 
Exposure to biomass smoke and tobacco smoke is largely determined by cultural 
tradition, gender, and socioeconomic factors. For example, in Uganda (and in most 
countries of sub-Saharan Africa) women have the responsibility for domestic cooking 
and are exposed to biomass smoke every day; this exposure also applies to young 
children and sick persons who generally spend more time indoors and around the 
fires. However, women cannot change their cooking tradition themselves, as they are 
in the lowest societal position. In contrast, men smoke tobacco leaves (simonko) most 
of the time and wherever they want, even inside the house.6  
Our findings emphasise the need for preventive action to combat the burden of COPD 
and other chronic respiratory diseases in LMICs. Awareness-raising activities related 
to the adverse effects of biomass fuel use and tobacco smoking in all communities 
should be promoted. It is essential to provide key policymakers in sub-Saharan Africa 
with convincing evidence about the prevalence and impact of COPD in local 




communities and the implementation of culturally appropriate interventions to 
control the development of COPD and its risk factors.  
Commitment European Respiratory Society 
Non-communicable diseases are increasingly recognised by the United Nations and 
the WHO as a major health problem in LMICs.19,20 COPD is a chronic disease that will 
continue to become more frequent with the ageing of the global population, combined 
with the rapidly expanding population of sub-Saharan Africa.21,22 The results of our 
review article and the FRESH AIR pilot study inspired the International Primary Care 
Respiratory Group (IPCRG) to launch a petition during the 2011 annual conference of 
the European Respiratory Society (held in Amsterdam, the Netherlands), i.e. a 
commitment to clearing the air.5,6 The IPCRG collected 1,116 signatures from 
healthcare professionals who supported the petition: 
 “We the undersigned call for health policy makers to make the respiratory health of sub-
Saharan communities a priority and implement culturally appropriate interventions to control 
COPD and its risk factors, to halt this growing epidemic. We support the International Primary 
Care Respiratory Group FRESH AIR study as an example of ‘innovative research relevant to 
the African context’ that will enable us to quantify the problem in Uganda and test solutions 
addressing exposure to tobacco and indoor smoke”.  
This petition has been sent to the WHO, the Commonwealth Health Ministers, and the 
Ministry of Health in Uganda. 
 
SECTION B: METHODOLOGY OF CONDUCTING RESEARCH IN SUB-
SAHARAN AFRICA  
Planning a survey in sub-Saharan Africa 
Working in a district with more than 
50 languages was very challenging. 
During the focus group discussions, 
the village leader had to act as a 
translator whenever the sociologist 
could not speak their language. In 
the course of the in-depth qualitative 
study in Masindi district (the FRESH 
AIR Uganda pilot study), it emerged 
that the people in the villages 




of healthcare, as well as varying beliefs and attitudes about illnesses. Accordingly, we 
realised that it was critically important that the social, cultural and economic context 
be taken into account in the design of the prevalence survey. At the same time, we 
purposefully developed the FRESH AIR Uganda survey in a well-defined district so 
that everybody knew each other: i.e. from the village leaders (Local Council, LC1) to 
the Chairman of the District (Local Council, LC5), from the community health workers 
to the District Health Officer. To incorporate the local context, we decided to make use 
of the local health system, even though we knew this was not perfect. However, we 
did not want to rely on non-governmental organisations (NGOs) and/or private 
hospitals, as they were not a part 
of the local health system. In this 
rural area of Uganda, the people 
do not consider the NGOs as the 
‘voices of the poor’ or trust them 
to speak on behalf of the 
communities. In addition, the 
government of Masindi district 
felt that several NGOs had 
become ‘bureaucratic and 
income-driven’, and had lost many of the original advantages and features that 
originally made them effective (i.e. their idealism, and their ability to engage with 
people at the grass root level).23,24 Essential to the success of FRESH AIR Uganda was to 
have the local healthcare workers of Masindi district performing the survey. By 
putting healthcare workers at the centre of this survey we developed country-specific 
approaches, thereby dealing with cultural differences and local beliefs on respiratory 
symptoms, indoor air pollution and tobacco smoke. They knew the health system and 
its limitations, and understood the local traditions; also, in many cases, they could 
communicate with the different tribes when they spoke their language. To conclude, 
active participation of the health policymakers, the professional health workers, and 
the communities was essential.  
During the FRESH AIR Uganda pilot study, existing validated questionnaires were 
adapted to the local situations. A screening questionnaire was developed and was 
pilot-tested on the members of the community. During the pilot testing, it became clear 
that a separate household air pollution questionnaire was required to obtain 
information about cooking habits, types of fuel(s) used, preparation of meals, time-
activity pattern, and cooking during pregnancy. Dozens of spirometry measurements 
Image 6: performing spirometry during the pilot study 
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using solar energy were performed in several remote villages with no electricity. 
Despite the exceptional local conditions which the healthcare workers might 
encounter during the prevalence survey (e.g. humidity, heat, rain showers, wind, and 
dust) spirometry measurements in the villages were feasible with the aid of a solar 
energy device. Prior to the FRESH AIR Uganda survey, the health-related quality of life 
questionnaire, the Clinical COPD Questionnaire, was translated into Swahili and 
Lunyoro, the two main languages spoken in Masindi district, and linguistically 
validated by the University of Makerere in Uganda.  
Village selection was performed based on a two-stage sampling design. In the first 
stage, in collaboration with the Uganda National Bureau of Statistics, 30 villages were 
randomly sampled with probability proportional to size (PPS). In this PPS random 
sampling, the probabilities of selection of each village were weighted by the relative 
size of each village and were entered into a computer programme (a PPS algorithm). 
This technique implied that villages with a larger population had a greater chance of 
being included. Then, for each selected village, with the help of the liaison officer from 
the district health office and the LC1, all households were listed (without omission or 
duplication). In the second and final stage, 20 households per village were drawn. At 
this stage, the technique used to draw households for the survey was Simple Random 
Sampling. This implies that all households in each selected village would have an 
equal chance of falling in the sample. From each of these chosen households, all eligible 
adults aged over 30 years were invited to participate.10 Before the survey started, the 
participants were given relevant information in a comprehensive manner, that covered 
the nature and aim of the research, the procedures involved, and the potential risks 
and benefits. The invited participants were given the opportunity to ask questions 
about the proposed research. All participants were invited to take part voluntarily. 
This was done in their village, in collaboration with the liaison officer from the district 
health office and the LC1. Each participant signed an informed consent or, in the case 
of illiteracy, thumb-printed and signed by a witness (in most cases the LC1).  
Before the survey, 25 healthcare workers working in the different health centres in the 
district of Masindi, were recruited and received an intensive five-day training course 
to perform high-quality spirometry. They were informed about the various aspects of 
chronic respiratory diseases, about the risk factors, and the ethical principles of Good 
Clinical Practice. The screening and household air pollution questionnaires were 
discussed among the healthcare workers, and adapted based on their comments. 




spirometry tests on a weekly basis; they also received a one-day refresher course every 
month to keep the standard of spirometry as high as possible. We worked in close 
collaboration with the district health officer of Masindi district, who provided our 
FRESH AIR Uganda team with a 
room at their office.  
The participants selected for the 
survey were assessed in their 
villages, instead of inviting the 
participants to a health centre; this 
is because the nearest health centre 
would generally be too far for 
people living in a remote area. It 
was known that none of these 
villages had access to electricity. 
Every morning a four-wheel-drive car and three motorcycles (or boda-boda’s as they are 
called locally, a word originating from the English phrase ‘boarder-to-boarder’) left 
the district health office in Masindi town and travelled to the selected village, together 
with laptops and spirometers. At the end of a day’s work, everyone returned to the 
office. The laptops (with long-lasting batteries) were recharged using the project 
generator (the electricity in Masindi town was unreliable). The use of solar energy was 
abandoned due to ineffectiveness, particularly during the rainy seasons. The devices 
used for the survey were safely stored at the district health office when not in use 
(unfortunately, theft was common in these areas). Generally, 4-6 trained healthcare 
workers conducted the survey in the selected village and finished the job within 4-5 
days, assessing about 30 participants. Often, the female healthcare workers worked as 
a pair (“we can help each other”) whereas the male healthcare workers worked alone 
(“why should someone check me while I’m doing my work?”); this gender-based way 
of working was culturally defined and was of course accepted by our research team. 
The data from the questionnaires and the spirometry results were transferred each day 
into a database (using a double-entry system by two data typists working 
independently from each other). Therefore, our FRESH AIR methodology had a very 
pragmatic basis. The team continued working until 300 men and 300 women (all aged 
ǃ30 years), had been investigated.  
In 2012 this particular approach resulted in the announcement by the World Health 
Organization-Global Alliance against Chronic Respiratory Disease (WHO-GARD) 
Image 7: training of healthcare workers in Masindi 
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initiative that FRESH AIR Uganda was recognised as an official ‘demonstration project’ 
for Africa. In 2013 the WHO-GARD announced it would use FRESH AIR Uganda as a 
blueprint for other projects concerning respiratory diseases in LMICs. 
Reference values for spirometry in sub-Saharan Africa.  
In most epidemiological surveys, a COPD diagnosis is based on spirometry. This is 
fundamentally different from the clinical diagnosis of COPD that is based on the 
clinician’s evaluation of exposure to risk factors, symptoms, limitations, quality of life, 
exacerbation assessment and spirometry.25 According to the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD), a ratio of forced expiratory volume in 1 
second (FEV1) to forced vital capacity (FVC) of less than 0.7 measured after 
administration of an inhaled bronchodilator confirms the presence of persistent 
airflow obstruction. In healthy subjects the FEV1/FVC ratio declines with increasing 
age and height; therefore, the use of the fixed ratio of less than 0.7 after administration 
of an inhaled bronchodilator naturally leads to over-diagnosis in elderly people, and 
under-diagnosis in young people. Thus, the use of the lower limit of normal (LLN), i.e. 
below the fifth centile of the predicted FEV1/FVC ratio, has been introduced by the 
Global Lung Function Initiative (GLI) to define COPD.26,27   
Using the post-bronchodilator FEV1/FVC < LLN to define an airflow obstruction, 
among the participants the prevalence of airflow obstruction was 16.2% (53% women). 
The mean age of these participants was 46 years for men and 48 years for women; 37% 
of the men and 40% of the women were 30-39 years old. These findings also show that 
7.3% of the participants with an airflow obstruction were aged over 70 years. Using 
the fixed ratio of FEV1/FVC < 0.7, data from FRESH AIR Uganda showed a lower 
prevalence of airflow obstruction of 12.5% (44% women). The mean age of the COPD 
group was higher: 53 years for men and 58 years for women. Only 17% of the men 
and 25% of the women were 30-39 years old; 36% of the participants with airflow 
obstruction were over 70 years of age. The fixed ratio for defining airway obstruction 
would have missed many of the younger adults with airflow obstruction and falsely 
identify elderly subjects as having an obstructive lung disease. The GLI has provided 
us with a worldwide diagnostic standard using the LLN as criterion, free of bias due 
to age, height, gender and ethnic group, and making it possible to identify (globally) 
younger people with airflow obstruction.28 Only then can the true burden of COPD in 




SECTION C: THE CHALLENGE FOR HEALTHY LUNGS IN SUB-SAHARAN 
AFRICA 
Prevalence of COPD 
Africa is often spoken of as if it were one country. Africa is the second largest continent 
with 54 different countries and consists of more than 2000 languages and cultures. It 
is misleading to treat the countries of Africa as one and the same.  
Although the numbers of surveys in sub-Saharan Africa conducted to estimate the 
population-based prevalence of (spirometry-based) COPD is limited they, 
nevertheless, show great diversity. The BOLD study in South Africa (Johannesburg, 
2007) showed a COPD prevalence of 22.2% among men and 16.7% among women 
ǻȱǃȱŚŖȱ¢Ǽǰȱ¢ȱȱ¢ȱȱȱȱȱȱȱTB, occupational 
exposure, and smoking habits.29 The BOLD study in Nigeria (2015), performed in a 
ȱ¢ǰȱ ȱȱȱȱȱŝǯŝƖȱǻȱǃȱŚŖȱ¢Ǽȱ ȱpoor 
education, a previous diagnosis of TB, and asthma as key independent predictors.30 In 
Malawi (2011) a COPD prevalence of 13.6% was found among adults above the age of 
30 years living in urban and rural areas, and showing poverty to be a risk factor for 
COPD.31 In Rwanda (2011) a COPD prevalence of 9.6% was found among adults aged 
ǃȱ Śśȱ ¢; exposure to biomass smoke was minor since many Rwandans cook 
outdoors.32 The FRESH AIR Uganda survey (2015), performed in a rural district, found 
a COPD prevalence of 16.2% (participants were ȱǃȱřŖȱ¢Ǽǲȱof these, more than 
90% were exposed to biomass smoke.10 
In 2015, sub-Saharan Africa was populated by approximately 1 billion people.33 It is 
known that 56% of this population (and 70% of East African people) lives in rural 
areas.34 As most of the large prevalence surveys were performed in urban areas with 
participants older than 40 years, the high prevalence of COPD in our survey, especially 
among the young, suggests a hidden health problem and the potential for significant 
consequences in the future.10 Adults under the age of 30 years, mainly living in rural 
areas of sub-Saharan Africa, are an entirely overlooked group in countries with a high 
COPD burden.  
Risk factors of COPD 
The high prevalence of COPD, particularly among young adults, found in the FRESH 
AIR Uganda survey, could be explained by the detrimental effects of biomass smoke 
starting in early childhood - or even earlier.35 In normal lung development, airway 
branching is complete by the first trimester of pregnancy.36 Alveoli develop by a 
different process and are present at birth, increasing during childhood.37 Lung volume 
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and airflow continue to increase as the thorax grows; lung growth ceases in young 
adulthood (by the end of adolescence in women and around the mid-20s in men), and 
lung function remains constant for about ten years (plateau phase); after that lung 
function slowly decreases.36-38 When a 
pregnant woman is cooking with 
biomass fuels, the exposure to biomass 
smoke affects the unborn: this is 
associated with low birth weight, 
reduced lung function soon after birth, 
and pre-term births.39 It is known that 
other early-life events leading to low 
birth weight increase the risk of 
developing COPD.40 Thereafter, young 
children are exposed to these high levels 
of biomass smoke in the first years of 
their lives, as they remain close to their 
mother during cooking (infants are
often carried on the mother’s back), causing poor lung growth and reduced lung 
development during childhood.11,12 Biomass smoke also induces respiratory infections 
among young children, strongly associated with a decline in lung function in later 
life.41 Exposure in children to household air pollution accounts for more than half of 
deaths to childhood pneumonia in children under 5 years of age.12 The children are 
also exposed to other risk factors, such as childhood asthma, occupational exposure, 
second-hand smoking, poor nutrition and the use of kerosene lamps (e.g. to do their 
homework). The reduced lung function continues during life and could result in a 
lower plateau at young adulthood, having a lasting effect into adulthood and, thus, 
substantially increasing COPD risk.38 Furthermore, the adult is exposed to a 
combination of traditional and less traditional factors for the development of COPD, 
including: occupational exposures, agricultural smoke, indoor biomass smoke, 
cigarette smoking, second-hand smoking, kerosene lamps, and outdoor air pollution. 
Outdoor air pollution is a growing problem, especially in the urban areas, mainly 
caused by vehicle emission, industrial facilities and diesel generators, among others. 
Tobacco smoke also potentiates the detrimental effect of biomass smoke. There is an 
inverse relationship between socioeconomic status and male smoking prevalence: in 
the poorest households, about 10% of the household expenditure goes to tobacco 
use.42,43 In summary, communities in sub-Saharan Africa are not only lifelong exposed 




to biomass smoke and tobacco smoking, but also to a variety of other risk factors for 
the development of COPD.35  
Socioeconomic status as a risk factor for the development of COPD  
Socioeconomic factors (such as poverty) are associated with poor access to health care, 
poor nutrition, low birth weight, exposure to indoor and outdoor air pollution, poor 
living conditions and water supply/sanitation, causing ill health effects, and increasing 
the risk of developing COPD.1,35 Previous treatment for TB is associated with both 
airflow obstruction and low lung function, and gives an adjusted odd ratio for the 
development for COPD of more than three.44 The human immunodeficiency virus 
(HIV) is known to be a risk factor for COPD (poorly controlled HIV infections worsen 
lung function).45 TB and HIV are also strongly linked to poverty.46-49 Exposures from 
tobacco and biomass smoke are also strongly associated with poverty and clearly have 
a detrimental effect on both TB 
and HIV, causing colliding 
epidemics in sub-Saharan Africa. 
Occupational exposures, such as 
respirable dusts, smoke, vapours 
and fumes (for both adults and 
children), are also emerging as 
important risk factors for COPD in 
LMICs, as there is a lack of 
government capacity to inspect 
workplaces.50-52 Although the 
damaging effects of exposure to
biomass smoke in early life on lung development are not yet fully described, a silent 
growing epidemic of COPD, starting at younger age, seems to be unfolding in sub-
Saharan Africa.11,12,53 Therefore, prevention must start as early as possible. 
Although tobacco smoke is still considered the major risk factor for the development 
of COPD, there is a growing understanding that the development of COPD in LMICs 
is often multifactorial.31,54 It is known that exposure to household air pollution is 
associated with an increased risk of developing COPD, and may even be the biggest 
risk factor for COPD worldwide.13 However, the combinations of other risk factors are 
likely to be highly prevalent in the poor communities of sub-Saharan Africa, and may 
account for a greater burden of COPD.55 The question is whether these risk factors 
cause a different COPD phenotype with its related treatment, the rate of decline and 
outcomes.11,55 Our knowledge on the pathophysiology, diagnostics, and treatment of 




COPD is based on extensive research on the effects of tobacco smoke on the lungs.56,57 
However, differences in characteristics  have been observed between COPD from 
biomass smoke and COPD from tobacco smoke.58 Patients with biomass-related COPD 
have greater bronchial hyper-responsiveness, show worse air trapping and less 
pulmonary emphysema.57 The underlying mechanisms of the pulmonary response to 
biomass smoke is not yet fully understood.57,59 The mechanism of TB-associated COPD 
is uncertain and the mechanisms behind HIV-associated COPD are unknown.55 Many 
trials have led to therapeutic recommendations; however, all were conducted with 
tobacco smokers in developed countries. Thus, uncertainty still remains as to how 
patients in sub-Saharan Africa will respond to treatment. 
Prevention and intervention programmes 
Of all the interventions, the key ones are sharing the knowledge of chronic respiratory 
diseases among physicians and other healthcare workers, and raising awareness about 
the health effects of tobacco smoke and biomass fuel use among the communities. The 
use of biomass fuel is not only determined by cultural traditions but also by 
socioeconomic factors, such as poverty and living conditions. The general lack of 
knowledge leads to failure to take simple steps to avoid exposure and to link 
respiratory symptoms to a smoke-related condition.14 The nature of the communities 
also determines healthcare-seeking behaviour – both traditional (local herbs) and 
western (dispensaries and health centres) – generally with a lack of successful results, 
and not addressing the problem of exposure.6 As a consequence, the necessary steps 
to prevent the detrimental effects of smoke have never been taken. Furthermore, for 
low-income households, purchasing a new cooking device is generally beyond their 
means and, therefore, they are trapped into using biomass as their main domestic fuel. 
Purchasing cooking fuel is not given a priority in places where biomass fuel is collected 
free. However, once people are aware of the dangers of biomass and tobacco smoke, 
their desire to alleviate it goes up their list of priorities. The community takes 
ownership of both the problem and its solution, and alleviating smoke becomes a part 
of the normal pattern of life.60 Therefore, community participation is essential from the 
start. 
The key controllable factors are the reduction of tobacco smoking and improvement 
of air quality, which includes the reduction in second-hand tobacco smoke, smoke 
from biomass fuel use, smoke from kerosene lamps, and unhealthy public and 
workplace air. This has been perfectly understood by the government of Masindi 
district, as they emphasised the need to teach health providers at all levels about lung 
General discussion
111
health, the important risks associated with tobacco smoking and exposure to biomass 
smoke, and to train them in how to support smoking cessation.   
Lung health education programmes offer the potential to teach people about the 
problem of biomass smoke exposure and allow those at greatest risk (including 
pregnant women and young children) to change their cooking tradition and apply 
behavioural changes to the exposure of household air pollution.35  An example of a 
promising educational programme 
is the FRESH AIR Global Bridges 
project in Masindi district where 
healthcare workers and village 
health teams (VHTs) were educated 
about lung health, and trained to 
develop educational materials for 
them to use in raising awareness, 
intervening to stop tobacco smoking 
and promoting other actions to 
improve lung health in their local 
communities. VHTs (or community health workers) are people working at village 
level and who offer health education on basic health issues; they have no clinical 
training and are often chosen by the village themselves. Educational materials 
developed by local health workers have been approved by the Ministry of Health in 
Uganda.  
A mix of these potent risk factors contributes to the high burden of poor respiratory 
health in more than a half billion biomass-exposed individuals in sub-Saharan Africa.31 
A number of disease processes and exposures will have to be addressed to reduce the 
burden of COPD in sub-Saharan Africa: reducing tobacco consumption, combatting 
infectious diseases (childhood lung infections, TB and HIV), reducing outdoor and 
occupational pollution, reducing indoor air pollution and, most important, uplifting 
of socioeconomic circumstances (access to better healthcare, nutrition, living 
conditions, water supply, sanitation and education).1,31 Implementation of clean and 
efficient cooking practices (interventions at the source of the smoke, interventions 
directed towards the living environment, and interventions aimed at the user) may 
offer many health and environmental advantages for the individual in sub-Saharan 
Africa: however, they should not be seen as the sole solution to prevent the 
development of COPD in Africa.31,61 Therefore, new multidisciplinary approaches 
Image 10: education by a community health worker 
about lung health using a flap-over 
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towards prevention must involve not only health professionals and researchers, but 
also health policymakers, local governmental bodies, and the communities, as well as 
international partners, including foundations and global health agencies. They will 
have to work together to control the growing burden of COPD, and start prevention 
and intervention programmes. 
SECTION D: CONCLUSIONS 
Although tobacco smoking remains an important cause of COPD, most communities 
in sub-Saharan Africa are exposed to household air pollution, and this increases the 
risk of pneumonia among children aged under 5 years and COPD among adults 
aged over 30 years, as well as increasing the incidence of low birth weight, heart 
diseases, eye diseases (cataract), and lung cancer. Especially in sub-Saharan Africa, 
household air pollution interacts with other risk factors such as poverty, low birth 
weight, early life respiratory infections, malnutrition, TB and HIV. 
Unfortunately, COPD is a neglected disease in many countries of sub-Saharan 
Africa: in most of the rural areas, COPD is completely unknown, both regarding 
public awareness and public health planning. A silent growing epidemic of 
COPD, starting at younger age, seems to unfold in sub-Saharan Africa. This 
applies particularly to the half a billion people living in rural areas who, 
unfortunately, seem to be an ignored group.  
Although prevention of COPD can be achieved to a large extent by smoking cessation, 
reduction of the exposure of household air pollution and other risk factors should 
be a major public health goal for sub-Saharan Africa, and should start early in life. 
Public awareness and control of the household environment to reduce exposure to 
biomass smoke are necessary steps in preventing respiratory diseases. It is vital to 
provide key policymakers of each country in sub-Saharan Africa with convincing 
evidence about the prevalence and impact of COPD in local communities and plan the 
implementation of culturally appropriate interventions to control the development 
of COPD. These actions are recommended in the document published by the 
Forum of International Respiratory Societies (FIRS) in 2013.62 
While studies on the effects of biomass smoke are increasing, more research is needed 
on the benefits of prevention and reductions in exposure at a community level. 
High-quality monitoring of the exposure to household air pollution is needed to 
establish improved and measurable health outcomes. Researchers, 
policymakers and government, stakeholders, health professionals and 
communities will have to work 
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together to control the growing burden of COPD, and start prevention and 
intervention programmes as early as possible.35 
Research questions 
The main research questions of this thesis were: 
1. What is known about the prevalence of two specific chronic respiratory
diseases, asthma and COPD, in sub-Saharan Africa?
2. What are the beliefs and attitudes concerning chronic respiratory diseases in a
rural area of Uganda?
3. What is the prevalence and burden of COPD in a rural area of Uganda?
In sub-Saharan Africa, the burden of chronic respiratory diseases is rising. These 
countries urgently need research to help prevent and treat chronic respiratory 
diseases. Research must contribute to the strengthening of knowledge and provide the 
foundation for the development of new management tools for the local healthcare 
infrastructure. Therefore, the methodology used in Masindi district has been well 
thought-out. The pilot phase was crucial to understand the social, cultural and 
economic context how people in resource-poor settings live with COPD and associated 
risk factors. The prevalence survey was conducted by locally trained healthcare 
professionals in close collaboration with the government officials. Currently, the 
prevalence and burden of COPD in the rural district of Masindi in Uganda is known. 
This region in Uganda is unlikely to be unique and this situation will also apply to 
many sub-Saharan countries. Nevertheless, the prevalence and burden of COPD might 
differ between countries.
Several studies are exploring the feasibility and acceptability of reducing the main risk 
factors such as tobacco smoking and exposure to biomass smoke, as well as other less 
traditional factors. Recently, Leiden University Medical Center (the Netherlands), in 
collaboration with the IPCRG, received funding from the European Union (Horizon 
2020): one of the work packages includes the following aims: 
x To design and test a community awareness package on the damaging impacts 
of tobacco and biomass smoke amongst specific areas in four countries 
(Uganda, Vietnam, Kyrgyz Republic and Greece) 
x To evaluate the feasibility, acceptability, and effectiveness of proven air 
pollution reduction interventions in selected communities of four countries 
(Uganda, Vietnam, Kyrgyz Republic and Greece). 
This work package is under the auspices of the University Medical Center Groningen 
(the Netherlands). The awareness-raising campaign has been successfully performed 
Chapter 6
114
by local HCWs and VHTs in Masindi district. The methodology applied during the 
FRESH AIR Uganda survey will be used as an example for the other countries. In 
addition, a multidisciplinary approach will be utilised to start these prevention and 
intervention programmes. 
“What can we do?” is an often-heard sentence expressed by healthcare workers in the 
remote area of Masindi district. FRESH AIR Uganda offered the opportunity to 
strengthen the capacity of healthcare workers in the field to expand the coverage of 
chronic respiratory diseases, and to inform the communities about the damaging 
effects of tobacco smoke and biomass fuel use. After the FRESH AIR Uganda survey, 
“What can we do” is now being asked by the community. It seems that a sense of 
ownership has been developed, making any change within a society sustainable and 
becoming a part of the normal pattern of life for people. Intervention programmes are 
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Worldwide, tobacco smoking is the most common encountered risk factor for chronic 
obstructive pulmonary disease (COPD). However, in many low and middle-income 
countries (LMICs) household air pollution due to biomass fuel use for cooking and 
heating starts to emerge as an important risk factor for the development of COPD.  
Chapter 1 is a general introduction and describes the main theme of this thesis: the 
evaluation of the burden of COPD in a rural area of a low-income country in sub-
Saharan Africa.  
Throughout the world, hundreds of millions of people of all ages are affected by 
preventable chronic respiratory diseases, and more than 50% of them live in LMICs or 
deprived populations. In many LMICs, programmes for the management of chronic 
respiratory diseases are poorly developed or limited, and the quality of care offered is 
often of a low standard. In 2005, 250,000 people died from asthma, and more than 3 
million people died from COPD, of which 90% of all COPD deaths were in LMICs. 
Globally, almost three billion people rely on biomass fuels (wood, dung, crop residues, 
twigs and charcoal) and coal as their primary source of domestic energy for cooking 
and heating. Household air pollution is increasingly recognised as a major health 
concern in LMICs, and one of the leading causes of respiratory diseases as respiratory 
infections among children under the age of five and COPD. In the last decade, 
however, most of the international health authorities still did not consider household 
air pollution to be a serious global health concern. 
In chapter 2 a review presents published data on the prevalence of asthma, COPD and 
respiratory risk factors (including biomass fuel use and tobacco smoking) in sub-
Saharan Africa. Data on chronic respiratory diseases and related risk factors are, 
unfortunately, scarce is most LMICs of sub-Saharan Africa. The high prevalence of 
COPD found in the scarce prevalence surveys indicates that the burden of COPD, 
particularly among non-smoking women in sub-Saharan Africa, is mainly due to 
exposure to biomass smoke. More than 90% of rural households in sub-Saharan Africa 
rely on biomass fuels. These unprocessed solid fuels are burnt on poorly functioning 
stoves with inefficient combustion, causing extremely high levels of air pollution.  
In sub-Saharan Africa, chronic respiratory diseases and their risk factors are not seen 
as major health problems. The knowledge of asthma and COPD among most 
healthcare professionals is poor. The highest prevalence is in the most deprived areas 
which have the least resources to address the problems.  
Chapter 7
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Chapter 3 provides insight into the ways individuals and communities of a rural 
district in Uganda cope with respiratory symptoms and the different risk factors such 
as tobacco smoking and biomass fuel use (the FRESH AIR Uganda pilot survey). With 
the use of focus group discussions, we explored the beliefs and attitudes concerning 
health, use of biomass fuels, tobacco smoking, and the use of health services. 
The word ‘asthma’ is known, although the communities do not understand the 
implication of the disease. The word ‘COPD’, however, is entirely unknown. The 
general lack of knowledge on CRDs, particularly COPD, has created different beliefs 
and attitudes towards respiratory symptoms, such as stigmatisation in the 
communities.  
The majority of the households cooks indoors using firewood on an open fire with 
three rocks as support for the pot or griddle. All the household chores are the 
responsibility of the women who are exposed to biomass smoke for at about six hours 
a day. It is almost impossible for the women to change the old-aged cooking tradition 
as they are lowest in societal position.  
In tobacco-growing areas, most men and many of the senior women smoke tobacco. 
Men smoke anywhere they want and smoke indoors in the presence of children, 
exposing their families to tobacco smoke every night. They cannot be challenged as 
they are highest in the societal position. 
Unfortunately, most people are still unaware of the damage to respiratory health 
caused by household air pollution, leading to extensive exposure to mostly biomass 
smoke. The extent of exposure is largely determined by gender, cultural tradition, and 
socioeconomic status.  
Chapter 4 presents the results of the observational study in Masindi district of Uganda. 
The FRESH AIR Uganda survey is one of the first to focus on the prevalence of COPD 
in a rural area of a sub-Saharan country.  
Among adults above the age of 30 years, the prevalence of spirometry-based COPD is 
16.2% (women 52.6%). The prevalence of COPD among adults between 30-39 years of 
age is remarkably high: 37% of men and 40% of women. Almost everybody is life-long 
exposed to biomass smoke (91% of men and 95% of women), mainly caused by 
firewood for cooking in poorly ventilated cooking areas. Women are more exposed to 
biomass smoke, both indoors and outdoors, and both in term of hours per day and 
number of years. Tobacco smoking is most prominent in young men: among 
participants with COPD 44% of men (mean age 40 years) and 8% of women (mean age 
52 years) are current smokers. Where present, the airflow obstruction is not severe; the 
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same applies for symptoms, health-related quality of life and dyspnea score. One fifth, 
however, has two or more exacerbations in the past 12 months. 
In this rural district of Uganda, COPD starts early in life. Major risk factors are biomass 
smoke for both sexes and tobacco smoke for men. In addition to high smoking 
prevalence in men, exposure to household air pollution may be a major health threat 
to men and women in rural areas of Uganda. 
Using the data from the FRESH AIR Uganda survey, Chapter 5 presents a post-hoc 
analysis of the association between socioeconomic factors, gender and tobacco 
smoking, and COPD. A significantly higher prevalence of COPD is found among 
participants of non-Bantu ethnicity and those who use biomass fuel for heating. 
Further analysis by gender reveals a significantly higher prevalence of COPD among 
unmarried men and former smokers among women. In general, the non-Bantu are the 
poorer ethnic group. A substantial difference in the prevalence of COPD is seen 
between the two ethnic groups: non-Bantu 20% and Bantu 12.9%. Additional analysis 
between these two groups shows significant differences in socioeconomic 
circumstances: non-Bantu smoke more tobacco (58% vs. 11%), live in tobacco-growing 
areas (72% vs. 15%) and are less educated (28% vs. 13% have no education). There are, 
however, no significant associations found between the single socioeconomic risk 
factors and COPD. This might be explained by the combination of several 
unfavourable socioeconomic circumstances among the non-Bantu people, even in one 
of the poorest districts of Uganda.  
Chapter 6 presents a summary of the main findings, provides tools for future studies 
in LMICs and discusses the consequences it has for other LMICs in sub-Saharan Africa. 
COPD is an unknown disease in most of the rural areas of sub-Saharan Africa, both 
regarding public awareness and in public health planning. The people (government 
officials, healthcare workers and the communities) are unaware of the damaging 
effects caused by tobacco smoking and biomass smoke.  
A major priority should be the prevention of exposure by raising awareness of the 
harmful effects of biomass smoke and tobacco smoking in all communities, and among 
healthcare workers and policymakers as well. Furthermore, data from qualitative and 
quantitative surveys are essential to provide key policymakers in sub-Saharan Africa 
with convincing evidence about the prevalence and impact of COPD in local 
communities and the implementation of culturally appropriate interventions to 
control the development of COPD and its risk factors. 
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People in the villages experience very different traditions of healthcare and varying 
beliefs and attitudes about illnesses. Therefore, it is essential that the social, cultural, 
and economic context is taken into account in the design of a study. Active 
participation of the local stakeholders is essential if any form of intervention is 
required once the study will be performed. In FRESH AIR Uganda, we started with a 
qualitative study; during the prevalence study, we made use of the local health system 
and trained local healthcare workers to perform the study.  
There is growing evidence that the detrimental effects of biomass smoke start in early 
childhood. Young children are exposed to these high levels of air pollution during the 
first years of their lives (even prenatally), possibly causing low birth weight, poor lung 
growth and reduced lung development during childhood. Biomass smoke also 
induces respiratory infections among young children, and is strongly associated with 
a decline in lung function in later life. The reduced lung function continues during life 
and can have a lasting effect into adulthood and, thus, substantially increasing COPD 
risk. 
Socioeconomic factors (such as poverty) are associated with poor access to health care, 
poor nutrition, low birth weight, exposure to indoor and outdoor air pollution, poor 
living conditions and water supply/sanitation, causing ill health effects, and increasing 
the risk of developing COPD as well. A silent growing epidemic of COPD seems to be 
unravelling in sub-Saharan Africa. Therefore, prevention must start as early as 
possible. 
A mix of these strong risk factors contributes to the high burden of poor respiratory 
health in more than a half billion biomass-exposed individuals in sub-Saharan Africa. 
Implementation of clean and efficient cooking practices may offer many health and 
environmental advantages for the individual; however, they should not be seen as the 
sole solution to prevent the development of COPD in sub-Saharan Africa. New 
multidisciplinary approaches towards prevention and intervention programmes must 
involve everybody: health professionals, researchers, policymakers, local government 
bodies and the community, as well as international partners, including foundations 
and global health agencies.  
In the addendum, the inauguration of the Makerere University Lung Institute (MLI) 
in Uganda is announced, which has taken place on November 23rd, 2015. The initial 
results of FRESH AIR Uganda gave a start to the foundation of MLI to act as a centre of 
excellence for education and research into the prevention, diagnosis and care of 
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chronic respiratory diseases in Uganda. In the near future, the institute will act as the 









Over de hele wereld lijden honderden miljoenen mensen aan chronische longziekten: 
300 miljoen hebben astma en 210 miljoen COPD. Dit proefschrift beschrijft het 
voorkomen en de gevolgen van COPD in Sub-Sahara Afrika en wel voornamelijk in 
Uganda, één van de lage inkomenslanden van het continent.  
COPD in Sub-Sahara Afrika 
COPD, de Engelse afkorting voor Chronic Obstructive Pulmonary Disease, is een 
chronische aandoening waarbij de luchtwegen blijvend vernauwd zijn. Het wordt 
veroorzaakt door een ontstekingsreactie van de longen op inhalatie van schadelijk 
deeltjes of gassen. De diagnose wordt meestal laat in het ziekteproces gesteld omdat 
klachten, zoals hoesten, slijmvorming, benauwdheid en vermoeidheid, heel geleidelijk 
ontstaan. Meer dan 50% van de mensen met COPD wonen in lage en 
middeninkomenslanden (LMICs) of andere achtergestelde gebieden. In 2005 stierven 
drie miljoen mensen aan COPD, waarvan 90% in LMICs. Volgens de 
Wereldgezondheidsorganisatie (WHO) stond in 2008 het sterftecijfer als gevolg van 
COPD globaal op de 4e plaats en ze heeft voorspeld dat het sterftecijfer in 2030 op de 
3e plaats zal komen.  
In westerse landen is het roken van tabak de belangrijkste oorzaak voor het ontstaan 
van COPD. Het is veel minder bekend dat mensen in LMICs door het gebruik van 
biomassabrandstof meer risico lopen op het ontwikkelen van COPD. Biomassa bestaat 
uit plantaardig of dierlijk materiaal (hout, mest, oogstrestanten en houtskool) en is 
voor 3 miljard mensen, bijna de helft van de wereldbevolking, de belangrijkste 
energiebron voor huiselijk koken en verwarming.  Op het platteland van Sub-Sahara 
Afrika koken 90% van de mensen binnenshuis met hout, meestal op een open vuurtje 
zonder enige vorm van ventilatie. De verbranding is onvolledig en uiterst inefficiënt 
waardoor de rook extreem vervuild is. De fijne rookdeeltjes zijn zo klein dat zij diep 
in de longen kunnen doordringen en zo veel schade kunnen veroorzaken. Dit tast 
vooral de gezondheid van kinderen en (niet-rokende) vrouwen onevenredig veel aan. 
Het gebruik van biomassabrandstof kan ook aanleiding geven tot 
luchtwegontstekingen bij jonge kinderen en andere gezondheidsproblemen zoals 
hart- en vaataandoeningen, klachten aan de ogen (staar), laag geboortegewicht en 
longkanker (vooral door het gebruik van steenkool). Desondanks erkenden 
internationale autoriteiten in het eerste decennium van de 21ste eeuw het gebruik van 
biomassabrandstof nog niet als een wereldwijd gezondheidsprobleem.  
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Het ziektebeeld COPD is nagenoeg onbekend bij de bevolking van Sub-Sahara Afrika 
waardoor cijfers over het voorkomen van COPD nauwelijks voorhanden zijn. 
Aanvullende diagnostiek, zoals longfunctieonderzoek (spirometrie), is vaak niet 
mogelijk; inhalatiemedicatie is op het platteland niet aanwezig, ook niet in de 
ziekenhuizen. COPD wordt dan ook niet als een groot gezondheidsprobleem gezien. 
Andere risicofactoren voor het ontwikkelen van COPD, in het bijzonder voor Sub-
Sahara Afrika, spelen eveneens een belangrijke rol: het gebruik van kerosine lampen, 
blootstelling van fijnstof, dampen en gassen in arbeidsomstandigheden (zowel voor 
kinderen als volwassenen), longontstekingen bij jonge kinderen, onbehandelde astma, 
tuberculose, HIV/AIDS en sociaaleconomische factoren zoals armoede, laag 
geboortegewicht en ondervoeding. COPD is één van de chronische longziekten die in 
Sub-Sahara Afrika zich steeds vaker zal voordoen. 
FRESH AIR Uganda pilotproject 
In maart 2011 zijn er op het platteland van het district Masindi in het noordwesten van 
Uganda gesprekken gevoerd met groepen mannen en vrouwen om te bepalen hoe zij 
omgaan met hun longklachten. Sommigen blijken wel van ‘astma’ gehoord te hebben, 
maar weten niet aan te geven wat het precies inhoudt; ‘COPD’ is een volstrekt 
onbekende term. ‘Tuberculose-negatief’ is een vaak gestelde diagnose: dit betekent dat 
mensen met longklachten geen tuberculose hebben en hun klachten moeten 
accepteren als iets wat bij het leven hoort. De bewoners van het district Masindi zijn 
zich totaal niet bewust van het schadelijk effect van biomassa brandstof. Vrouwen 
koken binnenshuis gemiddeld zes uur per dag en gebruiken meestal hout als 
brandstof. De armste gezinnen slapen en koken in dezelfde ruimte. Gebrek aan kennis 
over de oorzaken van COPD leidt tot verschillende, cultureel bepaalde, manieren 
waarop de mensen omgaan met hun klachten. Dit zorgt zelfs voor stigmatisering 
binnen de verschillende stammen. Vrouwen kunnen hun traditionele kookmethodes 
niet zomaar veranderen omdat zij het laagst staan in de sociale rangorde. Veel mannen 
roken binnenshuis tabak (in allerlei vormen), want zij die bovenaan de sociale ladder 
staan mogen roken waar zij maar willen.  
FRESH AIR Uganda project 
Na het pilotproject, hebben wij in het voorjaar en in de zomer van 2012 in het district 
Masindi een epidemiologisch onderzoek gedaan naar het voorkomen van COPD 
onder 588 willekeurig geselecteerde mannen en vrouwen boven de leeftijd van 30 jaar. 
Er is ook gekeken naar de verschillende risicofactoren die het ontwikkelen van COPD 




onderzoek bij de mensen thuis verricht. We hebben hierbij bewust gebruik gemaakt 
van het lokale gezondheidssysteem.  
COPD, gebaseerd op spirometrisch onderzoek, komt voor bij 16.2% van de mensen 
(47% mannen en 53% vrouwen). Van de deelnemers die COPD hebben, is bijna 39% 
tussen de 30 en 39 jaar oud (mannen 37% en vrouwen 40%). Bijna iedereen (91% van 
de mannen en 95% van de vrouwen) is hun hele leven lang blootgesteld geweest aan 
rook door verbranding van biomassa. Vooral jonge mannen roken tabak: van de 
mannen met COPD (gemiddelde leeftijd 40 jaar) rookt 44% en van de vrouwen met 
COPD (gemiddelde leeftijd 52 jaar) rookt 8%. In het onderzoek is geen verband te 
leggen tussen het gebruik van biomassabrandstof voor het koken en COPD omdat 
iedereen afhankelijk is van biomassa als brandstof. In Sub-Sahara Afrika, vormt COPD 
een bedreiging voor alle mannen en vrouwen die op het platteland wonen. 
Nadere analyse van de sociaaleconomische gegevens van het FRESH AIR Uganda 
project laat zien dat binnen de twee etnische groepen in het district Masindi de 
verspreiding van COPD duidelijk verschilt: van de niet-Bantu heeft 20% en van de 
Bantu heeft 12.9% COPD. De niet-Bantu zijn in het algemeen armer dan de Bantu. 
Sociaaleconomische factoren spelen hierin een rol, want de niet-Bantu roken meer 
(57.7% vs. 10.7%), leven meer in gebieden waar er tabaksplantages zijn (72% vs. 14.8%) 
en hebben geen onderwijs genoten (28.5% vs. 10.7%). De niet-Bantu lopen een 
significant hoger risico om COPD te ontwikkelen, maar ieder van de afzonderlijk 
genoemde sociaaleconomische factoren geeft daarvoor op zichzelf onvoldoende 
verklaring. Mogelijk speelt hier een combinatie van ongunstige factoren bij de niet-
Bantu een rol.  
De gevolgen voor Sub-Sahara Afrika 
Het is opvallend dat in ons onderzoek zoveel relatief jonge mensen met COPD zijn 
gevonden. In westerse landen is onderzoek naar COPD meestal gedaan onder mensen 
boven de leeftijd van 40 jaar omdat COPD in bijna alle gevallen aan het roken van 
tabak is gekoppeld. Het schadelijk effect van biomassarook begint mogelijk al op zeer 
jonge leeftijd. Zuigelingen staan al heel vroeg, zelfs vóór de geboorte wanneer een 
zwangere vrouw kookt boven haar vuurtje, bloot aan extreme luchtvervuiling. Dit kan 
leiden tot een laag geboortegewicht, en een vertraging in de groei en ontwikkeling van 
de longen. Ook luchtweginfecties bij kinderen ten gevolge van biomassarook 
veroorzaken vaak een vertraagde ontwikkeling van de longen. Deze vertraagde 
ontwikkeling van de longfunctie wordt in de pubertijd en volwassenheid niet meer 
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ingehaald, zodat er een vergrote kans ontstaat op het ontwikkelen van COPD. Er is 
een vaak waargenomen samenhang tussen het gebruik van biomassabrandstof en 
indicatoren van armoede zoals een laag geboortegewicht, slechte huisvesting, 
verminderde watervoorzieningen en een beperkte toegang tot de gezondheidszorg. 
Deze factoren vergroten de kans op de ontwikkeling van chronische ziekten 
waaronder COPD. Preventie kan dus niet vroeg genoeg starten. 
Zowel politici, gezondheidswerkers als dorpsbewoners zijn zich niet bewust van de 
schadelijke effecten van het roken van tabak en biomassarook. Er wordt jammer 
genoeg weinig aandacht geschonken aan de mogelijke oorzaken van COPD.  Het half 
miljard mensen dat op het platteland in Sub-Sahara Afrika woont, lijkt een vergeten 
groep te zijn met een verhoogd risico op het ontwikkelen van COPD. De 
bewustwording van het schadelijke effect van roken en verbranding van biomassa zal 
de bevolking stimuleren preventieve maatregelen te nemen. Onderwijs zal op alle 
niveaus een essentieel onderdeel moeten vormen. Onderzoeksresultaten zijn van groot 
belang om de beleidsmakers te overtuigen van wat COPD betekent voor de 
gemeenschappen. Pas nadat de politici overtuigd zijn, kunnen er interventie- 
programma’s van start gaan die rekening houden met sociale, culturele en 
economische factoren. 
Introductie van efficiënte en schone kooktoestellen, de bevordering van ventilatie en 
voorlichting over het gevaar van rook, is een stap in de goede richting, maar er moet 
meer gebeuren om COPD in Afrika te bestrijden. Armoedebestrijding zal een 
wezenlijk onderdeel van moeten vormen. Samenwerking tussen de dorpsbewoners 
en gezondheidswerkers, onderzoekers, beleidsmakers, lokale overheden, 
evenals internationale organisaties is nodig om de groeiende last van COPD een 
halt toe te roepen en preventie- en interventieprogramma’s te starten.  
In de loop der jaren is het sterftecijfer als gevolg van COPD volgens de WHO gestegen. 
COPD staat in 2015 wereldwijd nu al op de 3e plaats en heeft het totale sterftecijfer als 
gevolg van tuberculose, malaria en HIV/AIDS overtroffen. Een COPD epidemie in 
Sub-Sahara Afrika lijkt zich in stilte te ontvouwen.  
Mede door de resultaten van FRESH AIR Uganda, is in november 2015 het Makerere 
University Lung Instutute (MLI) opgericht. Dit instituut zal fungeren als een 
onderwijscentrum dat ook onderzoek zal doen naar preventie, diagnostiek en 
therapie, en als zorgcentrum voor chronische longpatiënten in Uganda. In de nabije 
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“Don’t worry, it’s TB negative”, are words often said to East African patients that 
had just consulted their local physician with complaints about cough, sputum 
production, and breathlessness. Chronic respiratory diseases such as Chronic 
Obstructive Lung Disease (COPD) and asthma are diseases that are extremely 
neglected in sub-Saharan countries. Notably, this ignorance is in sharp contrast to 
the rising prevalence and impact of non-communicable diseases (NCDs) in Africa.1 
How can we tackle this problem? Time to increase awareness and optimize research 
capacity! 
While communicable diseases such as malaria, HIV/AIDS, and tuberculosis (TB) have 
long been regarded as number one health threats in this region, an epidemic of NCDs 
is slowly invading the African continent. Chronic respiratory diseases do considerably 
contribute to this overall increase.2 Indoor cooking with biomass fuels, infectious 
disease triggered lung damage (TB and HIV), and ambient air pollution in urban areas 
seem main drivers of the lung diseases epidemic in Uganda.3,4  
To tackle this problem, several lung health awareness projects in Uganda and its East 
African neighbours have been initiated, accelerated by recent studies.3 One of the most 
prominent ones is FRESH AIR, a large European Union funded program that focuses 
on prevention, treatment, impact and awareness of chronic lung diseases in four 
countries worldwide, including Uganda, Kyrgyz Republic, Vietnam and Greece.5 The 
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FRESH AIR philosophy is based on the sharing and transfer of knowledge across 
borders. Using implementation science, the project aims to build research capacity on 
a local level.  
On Monday November 23 2015, Makerere University in Kampala, Uganda has put a 
first important step towards reaching this goal. On this date, the inaugural meeting of 
the Makerere University Lung Institute took place. The Lung Institute has been created 
to act as a centre of excellence for research into the prevention, diagnosis and care of 
respiratory diseases in Uganda and beyond. To fulfil these aims, a multidisciplinary 
effort is required from a team including clinicians, basic scientists, epidemiologists and 
public health workers. In addition, the Institute will serve as a platform for training of 
high calibre community oriented lung health care professionals in resource limited 
settings. 
Besides FRESH AIR, one of the Institute’s first planned projects will be the African 
Severe Asthma Program (ASAP). In ASAP, three universities in Kenya, Ethiopia, and 
Uganda will collaborate to include about 2,000 patients with asthma and to investigate 
whether providing these often very symptomatic patients with basic treatment alters 
clinical outcomes. Another goal is phenotyping and genotyping the therapy resistant 
severe asthma population, aiming to find new leads for asthma diagnosis and 
treatment in this region.  
For ASAP, the newly established Lung Institute will collaborate with the Groningen 
Research Institute for Asthma and COPD (GRIAC) of the University of Groningen, The 
Netherlands. The collaboration includes training and exchange of pulmonologists, 
technicians, and research staff.  
Ultimately, the Makerere Lung Institute is envisaged to improve respiratory research, 
training, and care in Africa, with the long-term goal of acting as sub-Saharan Africa’s 
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Dit proefschrift had ik nooit kunnen schrijven zonder de samenwerking en hulp van 
anderen. Daarom wil ik een aantal mensen speciaal bedanken.  
Allereerst mijn promotores: Thys van der Molen en Niels Chavannes. 
Beste Thys, ik zal het nooit vergeten: onze wandeling rond het Schildmeer op een 
koude winterdag in 2010. Ik vertelde over mijn laatste reis naar Uganda waar ik 
verbaasd was over hoe de vrouwen binnenshuis kookten. We discussieerden over de 
eventuele gezondheidsrisico’s en jij raadde mij aan dit uit te zoeken. Zo is mijn 
loopbaan als onderzoeker begonnen. Ik heb daarna veel van je geleerd, want het leven 
als onderzoeker was volkomen nieuw voor mij. Veel dank voor wat jij mij geboden 
hebt. Je betrokkenheid bij FRESH AIR Uganda heeft tot gevolg gehad dat je nu co-
chairman bent geworden van de Board of Governors van de Makerere University Lung 
Institute in Uganda. 
Beste Niels, in 2008, tijdens mijn kaderopleiding, sprak ik je aan over chronische 
longziekten in Sub-Sahara Afrika. Jij was de Nederlands vertegenwoordiger voor de 
WHO-Global Alliance for Respiratory Disease (GARD) en ik vroeg je of ik mee mocht naar 
hun volgende vergadering. Helaas kon dat niet (het was alleen voor genodigden), 
maar jij maakte mij wel enthousiast. Later raadde je mij aan om voor Uganda jullie 
naam van het project in Vietnam te gebruiken: FRESH AIR. Het was jouw idee om 
eerst een kwalitatief onderzoek te doen alvorens  een prevalentieonderzoek te starten. 
Dat was een gouden greep, dank je wel. 
De leden van de leescommissie, bestaande uit Tjib van der Werf, Onno van Schayck 
en Hilary Pinnock, wil ik bedanken voor hun bereidheid dit proefschrift kritisch te 
lezen en te beoordelen. Hilary, thank you for your valuable comments. 
The people in Uganda, they were special. John Turyagaruka, we knew each other since 
I started the pilot survey in 2012. Your catching enthusiasm was tremendous and 
motivated the many people working for you. John Kirungi, you were always in a good 
mood, and your drive was amazing. It was great to see how the government of 
Masindi always supported us. George Batiganya, your feedback was very clarifying. 
The team of healthcare workers in Masindi was a remarkable group of inquisitive and 
energetic people. Shamim, you, and your smile, were irreplaceable. The people of the 
selected villages were very friendly and eager, and without their cooperation, we 
would never have succeeded.  
Bruce Kirenga: dear Bruce, we met for the first time in 2012. Hereafter a warm 
friendship started. You were always very inspiring, and FRESH AIR Uganda 
succeeded thanks to your devotion. Patrick Musinguzi: dear Patrick, your interest in 
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public health was very stimulating. Simon Luzige, your presence was enjoyable. 
Moses Kamya, thank you for the faith you gave us when we wanted to start the FRESH 
AIR project in Uganda.  
Sian Williams: dear Sian, I met you for the first time during the International Primary 
Care Respiratory Group (IPCRG) conference in 2008 in Sevilla and over the years we got 
to know each other. You appreciated my love for Africa and stimulated me to start 
more research about chronic respiratory diseases in sub-Saharan Africa.  
The IPCRG made it possible to start my first project in sub-Saharan Africa. Many 
members of the IPCRG have helped me with their tremendous enthusiasm. I want to 
lift out one person: Rupert Jones. Dear Rupert, during the IPCRG conference in 
Toronto in 2010 we discussed the possibility to start a study about chronic lung 
diseases in Africa. You were very encouraging, and you taught me a lot.  
Corina, ik wil je bedanken voor het begeleiden van mijn promotie. Je hebt mij wegwijs 
gemaakt in het schrijven van artikelen, het analyseren van gegevens en mij  thuis laten 
voelen binnen onze afdeling. Marjolein Berger, je input bij het opzetten van het project 
was verhelderend. Janwillem, Bertine, Siebrig, Esther, Job, Ellen, Boudewijn, Roland, 
Lieke, Harma, Tekla, HendrikJan, Feikje, Onni, Arnoud en Betty: jullie betrokkenheid 
was belangrijk, en jullie waren er altijd als ik jullie hulp nodig had.  
Twee mensen wil ik nog in het bijzonder noemen: Judith Vonk en Ioanna Tsiligianni. 
Beste Judith, ik ben je dankbaar voor de hulp bij het analyseren van de vele gegevens 
van FRESH AIR Uganda. Je enthousiasme was erg motiverend. Dear Ioanna, your 
passion for research is amazing, and you have the ability to pass this on to others. 
Thank you so much. 
Collega’s van het Groningen Research Institute for Asthma and COPD (GRIAC), jullie 
hebben mij vaak geïnspireerd. Het is geweldig dat de Makerere University Lung Institute 
het GRIAC als voorbeeld heeft genomen. 
Nahid Nabadda and Celeste, I enjoyed working with both of you during the pilot 
study. We were a great team, and we almost felt like a family. Anna Nakanwagi, your 
involvement was important as it was your idea to make use of the local health system. 
Bij de COPD en Astma Huisartsen Advies Group (CAHAG) heb ik zoveel mensen leren 
kennen die  stimulerend voor mij zijn geweest. Tijdens de CAHAG conferentie in 2013 
was ik blij verrast toen ik de ‘beste abstract prijs’ voor mijn werkzaamheden in Uganda 




Bernard Garbe: dear Bernard, thank you for making it possible to use your spirometers 
for the FRESH AIR project. Your commitment to helping low and middle-income 
countries is an example to others. 
Doordat ik tijdens de periode van onderzoek ook als praktijkhoudend huisarts werkte, 
stond ik regelmatig onder druk. De medewerkers van mijn praktijk, Annet, Tamara, 
Wilma, Renee en Anneke, dank voor jullie begrip en steun, en de hagroleden, Titus, 
Martin, Reinier, Isabel, Janwaling en Guus, voor jullie flexibiliteit.  
Henk en Hans, mijn paranymfen, dank voor jullie betrokkenheid. Ik voel mij vereerd 
dat jullie mij bijstaan tijdens de promotieplechtigheid. Mijn neef Hajo Wildschut en 
Henk, dank voor het proeflezen van mijn proefschrift.  
Lieve Alie, dank je wel voor je eindeloos geduld. Onze gezamenlijke liefde voor Afrika 
heeft dit proefschrift tot gevolg! Je hebt me altijd gesteund. Het was vooral jouw idee 
eerder te stoppen als praktijkhoudend huisarts. Zo kan ik sinds 1 juli 2016 mijn hart 







Frederik Alexander van Gemert was born on 
August 10, 1953, in Amsterdam, the 
Netherlands. He lived ten years in Japan and 
returned to the Netherlands when he was 12 
years old. After finishing high school in 
Eindhoven in 1971, he started to study 
Medicine at the University of Groningen. He 
combined this with high-level mountain 
climbing, creating much interest in lung 
physiology. 
He graduated in Medicine in 1983 and 
completed his training as a general practitioner 
in 1986. Since 1988 he has been working as a 
general practitioner in Harlingen, a small town in the northern part of the Netherlands. 
For more than 20 years he has been teaching healthcare workers in primary care about 
asthma and COPD in the province of Friesland. In 2008 he finished a two years post-
graduate training as a general practitioner with special interest in asthma and COPD. 
Due to his frequent visits to Africa, he got interested in the burden of chronic 
respiratory diseases in sub-Saharan Africa. Therefore, in 2010 he started to work as a 
researcher at the University Medical Center Groningen (UMCG), the Netherlands. 
During the same year, he became a member of the research committee of the 
International Primary Care Respiratory Group (IPCRG) with main interest Africa. 
Currently, he is the lead of two projects for the FRESH AIR Horizon 20201 (funded by 
the European Union): an awareness module about the damaging effects of tobacco 
and biomass smoke, and evaluation of feasibility, acceptability, and effectiveness of 
household air pollution reduction interventions. 
 In July 2016, after 28 years, he stopped his work as a general practitioner to spend all 
the available time for his passion: prevention of chronic respiratory diseases in sub-
Saharan Africa. 
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